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ABSTRACT

A FORTRAN IV program package has been written for the generation,
analysis, and estimation of re-entry trajectories. The following func-
tions may be performed by the program:

(1) Generation of simulated noiseless trajectory data by

integrating the differential equations of motion, using
a predictor-corrector method.

(2) Error analyses on trajectories generated by the pro-
gram, in which the effects of hypothetical errors in
the initial state and subsequent measurements may
be studied.

(3) Estimation of state vector quantities, using a re-
cursive Kalman-filter scheme, from

(a) Simulated noisy data generated by the program.

(b) Noisy radar measurements, supplied externally
to the program.
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A TRAJECTORY ANALYSIS PROGRAM (TRAP)

I. INTRODUCTION

A FORTRAN IV double-precision program package has been written for the generation,
analysis, and estimation of re-entry trajectories. The trajectories are characterized by a
seven-component state vector specifying position, first time derivative of position, and drag
parameter defined as the reciprocal of the weight-to-drag ratio. The program assumes a spher-
ical, rotating earth with an atmosphere and uses either English or metric units. The following
functions may be performed by the program package:

(a) Generation of simulated noiseless trajectory data by integrating

the differential equations of motion, using a predictor-corrector
method.

(b) Error analyses on trajectories generated by the program, in which
the effects of hypothetical errors in the initial state and subsequent
measurements may be studied.

(c) Estimation of state vector quantities, using a recursive Kalman-
filter scheme, from

(1) Simulated noisy data generated by the program.
(2) Noisy radar measurements, supplied externally
to the program.
A modified version of the main program is required to perform function (c) (2).
The state vector which describes the trajectory motion has seven components, and may be
considered in two coordinate systems. In radar-centered rectangular coordinates, with x point-

ing east, y north, and =z vertically upward, we have the following

X, =X
X, =y
X3=2
X4 =X
x5=)"
x6='z

a = drag parameter = 1/8

In radar-centered polar coordinates, which is the usual measurement coordinate system

ry = range

r, = azimuth

= elevation
r, = range rate

= azimuth rate

L 1= elevation rate

>
1l

a = drag parameter



Input and output quantities may be given in polar or rectangular coordinates but all calcula-
tions are done in rectangular coordinates. English (pounds, feet, seconds) or metric (mcters,
kilograms, seconds) units may be specified.

The program package consists of the main program plus ten subroutines. The subroutines
perform various calculations, ranging from integrating the differential equations of motion to
multiplying matrices. Some of these subroutines may be of general interest for use outside of
the program package. The functions of the main program and all the subroutines are summar-

ized in Table I, with full details given in later sections.

II. MAIN PROGRAM (VERSION I)

The main program reads input cards, calls the appropriate subroutines to perform the de-
sired calculations, and prints output data. Data on the input cards completely specifies the
program function (e. g., trajectory generation, error analysis, or estimation), furnishes re-
quired initial conditions, and specifies the amount of printed output desired. If required, the
user may change the program so that the output data may be written on tape, plotted, or punched
on cards. The formats of the seven required input cards are given in Table II. Any number of
trajectories may be run in succession by stacking the input cards for each case in succession.

A block diagram of the main program is shown in Fig. 1.

The following COMMON statements are used:

COMMON/ACOM/COVAR(7), SIGMA(7)/FCOM/COORD, DLAT,
PRNT/ICOM/KLAMP, MDATA, NN

An explanation of these variables is given in Tablc II.
Varying amounts of printed output may be obtained by proper specification of the print-

selector parameter PRNT. These are summarized below:

PRNT < 0. Every 50 data points, the following tabulations are
printed for the preceding 50 data points.

(a) Time, height, and the seven components of the
nominal state vector in radar-centcred polar
coordinates.

(b) Time, aspect angle, and the seven components
of the nominal state vector in radar-centered
rectangular coordinates.

(c) Time, plus the measurement vector in radar-
centered polar coordinates (printed only in
estimation cases).

(d) Time, and the estimated state vector in radar-
centered polar and rectangular coordinates
(printed only in estimation cases).

(e) Time, and the errors (difference between
estimated and nominal state vector) in polar
and rectangular coordinates.

(f) Theoretical rms errors, obtained from co-
variance matrices, in polar and rectangular
coordinates.

Note: The above may be printed out at data intervals
other than every 50 points by properly specifying the
value of IMAX in statement 9 of the main program

(see Tables B-I and B-II in Appendix B). All one-
dimensioned arrays of size 54 should bc redimensioned
to be equal to or greater than the new value of IMAX.
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Flow chart of TRAP (version I) main program.
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Fig. 1. Continued.



TABLE I
LIST OF PROGRAMS IN TRAP PACKAGE

Program or Subroutine Function

Main Program
(Versions I and II)

Reads input cards specifying desired calculations and
initial conditions, calls appropriate subroutines, and
prints out results.

TRAJGX

Integrates differential equations of motion in radar-
centered rectangular coordinates. A spherical rotating
earth with a realistic atmosphere is used.

ESTMAT

Estimates the true value of a state vector by combining a
predicted value of the state vector with a noisy measure-
ment. Also calculates covariance matrices for error
analyses.

DENS

Calculates atmospheric density at any given altitude.

XYTOR

Converts from radar-centered rectangular coordinates
to polar coordinates.

RTOXY

Converts from radar-centered polar coordinates to rec-
tangular coordinates.

XCOVTR

Converts a mean-square error covariance matrix in rec-
tangular coordinates to one in polar coordinates. It also
calculates a partial derivative matrix H = 8r /9x where

r and x are the state vector in radar-centered polar and
rectangular coordinates respectively.

RCOVTX

Converts a mean-square error covariance matrix in po-
lar coordinates to one in rectangular coordinates.

GAUSSN

Generates random numbers with a Gaussian distribution.

DMTMUL

Multiplies two matrices in double precision.

MINV

Matrix inversion subroutine from IBM 360 Scientific
Subroutine Package (double-precision version used).

PRNT = 0.

PRNT > 0.

All of the above are printed, as well as the following
which are printed for every data point.

(a) Time, height, aspect angle, and the nominal state
vector in both polar and rectangular coordinates.

(b) The transition matrix, 8x(t, )/9dx(tx_1) (see discussion
of subroutine TRAJGX, Sec.IV), along the nominal
trajectory in rectangular coordinates.

(c) The noisy measurement vector, in polar coordinates
(printed only in estimation cases).

(d) The predicted state vector, in polar and rectangular
coordinates (printed only in estimation cases).

{(e) The covariance matrices of the estimated state vector
(see discussion of subroutine ESTMAT, Sec.V).

(f) The estimated state vector in polar and rectangular
coordinates.

All of the above are printed, as well as the following which

are printed by subroutine ESTMAT for every data point.

(a) Transition matrix used in the estimation.

(b) Covariance matrices for predicted and estimated
data points.

(c) Various vectors and matrices used in the calculation
of the final covariance matrices and the estimate (see
description of subroutine ESTMAT, Sec. V).




TABLE II

INPUT CARDS TO MAIN PROGRAM (VERSION I)

Card

Format

Arguments and/or Deseription

18A4

Title card with 72 alpha-numeriecal charaecters available.

7F10.3

(STATEI (J), J = 1,7) where STATE! is initial value of nominal
state vector, in either polar or reetangular radar-centered
coordinates.

5F10.3, F5.3,
315

TZERO = initial time (in seconds)

DELT = time of first measurement with respect to time of
initial state

TINT = interval, in seconds, between data points
TINCR = trajectory integration step size, in seconds
DLAT = latitude of radar (reference) site in degrees
PRNT = print-selector parameter (see text, p.2)

NDATA = number of data points to be processed

KLAMP = "memory" of estimation algorithm, given in number
of data points (see deseription of ESTMAT, See.V);
KLAMP = 0 is used to indiecate infinite memory

MDATA

mode parameter

MDATA < 0 speeifies error analysis

MDATA = 0 specifies noiseless trajectory generation
MDATA > 0 specifies estimation

The magnitude of MDATA < 7 and specifies the size
of the measurement vector used in ealculations (see
deseription of ESTMAT, See.V).

7F10.3

(SIGMA(J), J =1, 6) = rms noise levels associated with meas-
urement veetor. No value is given to SIGMA(7) since the drag
parameter, which is the seventh component of the state vector,
is not measurable direetly.

COORD = Coordinate — specifieation parameter

COORD

1

—2. Initial state veetor given in radar-
eentered polar eoordinates. Metrie
units used for all ealeulations.

COORD

I
|
s

Initial state veetor given in radar-
centered reetangular eoordinates.
Metrie units used for all ealculations.

COORD

u
(=S

Initial state veetor given in radar-
ecentered reetangular eoordinates.
English units used for all ealeulations.

COORD

n
3]

Initial state veetor given in radar-
centered polar eoordinates. English
units used for all ealeulations.

7F10.3

(COVAR(J), J =1, 7) = rms noise levels associated with initial
state veector in units speecified by the parameter COORD.

TRA0.3

(FNOISE(J), J = 1, 7) = noise samples assoeiated with initial
state veetor, in units speeified by the parameter COORD.

7FK10.3

(ERRMAX(J), =1, 7) = magnitude of maximum allowable con-
vergenee errors. The convergence errors are an indieation of
the accuraecy of the integration of the trajeectory equations — the
smaller the errors, the better the aceuraey. Values of 0.1 for
all seven elements in the ERRMAX array have been found suit-
able for most cases. See the mathematical discussion of sub-
routine TRAJGX, Sec. IV, for a deseription of the eonvergence
errors.




III. MAIN PROGRAM (VERSION II)

A second main program is available for use in estimating trajectory parameters from real
radar measurement data. The measurement data are read in on cards but it is a simple matter
to change the input medium and/or format. No error analysis or simulated trajectory genera-
tion is done. Four input cards, followed by the measurement data cards, are required (see
Table III).

TABLE III
INPUT DATA CARDS TO MAIN PROGRAM (VERSION II)

Card Format Argument and/or Description
Title card, with 72 alpha-numerical characters
1 18A4 i
available.
> 4F10.3, F5.3, TZERO, TINT, TINCR, DLAT, PRNT, NDATA,
315 KLAMP, MDATA (see text below).
7F10.3 (SIGMA(J), J =1, 6), COORD
7F10.3 (ERRMAX(J), J =1, 7) convergence errors

Data cards for each measurement, giving time, range,

D15.2, 4D15.6 azimuth, elevation, range rate

The title card and the arguments TINCR, DLAT, PRNT, NDATA, KLAMP, SIGMA, and
ERRMAX are exactly as described previously for Version I. The arguments MDATA and COORD
are also as described previously except that MDATA is limited to positive values while COORD
must equal £2,

The arguments TZERO and TINT gspecify the starting time of the desired data and the mini-
mum desired data interval, respectively. All data prior to time TZERO are ignored, as well
as succeeding data points which are less than TINT seconds later than the previously proccssed
point.

It should be noted that an initial state vector to start the program is obtained from the meas-
urements at time TZERO or later. Any required time derivatives not contained in the measure-
ment are calculated by taking differences of measurements TINT seconds, or more, apart.

A block diagram of this program is given in Fig. 2.

IV. SUBROUTINE TRAJGX
A. Description

Subroutine TRAJGX is a double-precision FORTRAN subroutine which integrates the dif-
ferential equations of motion in radar-centered rectangular coordinates over any specified timc
interval, using a predictor-corrector method. It assumes a spherical rotating earth with a
rigid atmosphere. A choice of English units (feet, pounds, scconds), or metric units (meters,
kilograms, seconds), is available by specifying the parameter COORD, in COMMON storage.
Atmospheric data are obtained by calling subroutine DENS via the entry point ATM, described
in Sec. VI. Subroutine TRAJGX may be used to generate a ballistic trajectory or to predict the
position and velocity of a re-entry vehicle at any given time, given the position, velocity, and

ballistic coefficient at some other time.
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©

Fig. 2. Flow chart of TRAP (version II) main program.
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Fig. 2. Continued.



The subroutine is calle

d by the following statement:

CALL TRAJGX (X1, Y1, z1, XDOT1, YDOT1, ZDOT1, BETA1, TAU,
TSTEP, ERRMAX, X2, Y2, Z2, XDOTZ2, YDOTZ2, ZDOT2, BETAZ2, PHIMAT)

The input arguments are-

X1
¥4
7zl
XDOT1 =
YDOT1 =
ZDOT1 =

BETA1 =
TAU =
TSTEP =
ERRMAX =

initial position in radar-centered
rectangular coordinates

X

Y1 initial velocity components
71

initial ballistic coefficient
integration time interval (sec)
integration step size (sec)

convergence errors (see description below)

The output arguments are

X2

Y2 3 position at time TAU seconds after initial time

22,

XDOT2
YDOT2 =
ZDOT2 =

BETA2 =

PHIMAT =

X2
Y2
72

velocity components at time TAU seconds
after initial time

ballistic coefficient at time TAU seconds after initial time.
(At present, TRAJGX assumes that the ballistic coefficient
is constant and sets BXTA2 = BETA1. Provision can be
made, however, for a varying ballistic coefficient).

transition matrix, whose elements are defined by

“’ij = Bxi(to + TA U),/ij(to)

where X; is the ith component of a state vector x, whose components are

Xi(to) = 1
XZ(to) S|
x3(t0) = 7

x4(t0) = XDOT1

x5(t0) = YDOT1

x6(t0) = ZDOT1

x7a0).1/BETA1

Similarly

10



xi(t0 + TAU) = X2

x,(t, + TAU) = 1.0/BETA2

The following statements are also required in the calling program:

COMMON/FCOM/COORD, DLAT, PRNT/ICOM/KLAMP, MDATA, NN
DIMENSION ERRMAX(7)

where

DLAT = latitude, in degrees, of radar (reference) site
COORD > 0. indicates English system units of feet, pounds, seconds

COORD < 0. indicates metric system units of meters, kilograms,
seconds

NN indicates the data point under current consideration (NN = 1
for the first data point and indicates that TRAJGX is being
called for the first time. This is the only case of intcrest
to TRAJGX)

ERRMAX is an array of convergence errors associated with the seven
components of the state vector x. In general, the smaller
the specified convergence errors, the more accurate the in-
tegration, with a resulting increase in computation time.
The significance of the convergence errors is discussed in
Sec.IV. B. Values of 0.1 seem to be suitable for all seven
convergence errors.

The following values have been used for some fundamental parameters.

Ry = 2.0925738 x 10 ft (radius of the earth)
16 .3 2 , N
Gy = 1.40763488 X 107" ft /sec” (Newton's gravitational
constant X mass of earth)
w=7.27X 10_5 radians/sec (earth's angular rotation rate)
1 meter = 3,2808333 ft
T = 3.14159265

B. Mathematical Discussion

The program assumes the following basic equations of motion in radar-centered rectan-

gular coordinates;1
%= Pax+Bx+ Cy+Ez
¥y=—-Cx+Gy+ Pay+Jz+K

Z=—Ex+Jy+Nz+ Paz+Q

where
a = 1/B = reciprocal of ballistic coefficient = drag parameter
p = atmospheric density
S —pVD/Z Vp, = drag velocity = (5(2 + yz + i2)1/2

11
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B=w"—-W W=GM/R3 (whereR=[x2+y2

+ 2+ RpAY?)

C = 2w sin (DLAT)
E = —2w cos (DLAT)
2
_ €
G = == W
= (C)E)
e
K= (J)(RE)
2
E
N = b T w
Q= (N)(RE)

The position and motion of the vehicle are described in terms of the state vector

- -

X

1%
1
»

z

o

The equations of motion are numerically integrated using a predictor-corrector method, which
makes use of the state vector x, the vector b = f(x) = 8x/8t, and the matrix A = 8f(x)/8x. A
block diagram of the integration scheme, proposed by M. Gruber,2 is shown in Fig. 3. The vec-
tor b is written more explicitly below, while Table IV gives the matrix A.

X

o

o
I
»

B

&
Figure 3 shows that the vector g(tk) at time tk‘ is integrated over one step size to time
teit giving a predicted state vector é(tk+1) which is based on knowledge of the vectors E(tk) and

g(tk_i). A corrected vector g(tk+1) is then calculated, using the newly obtained prediction
g(tk+1) and §(tk)' If the convergence errors, defined as |§(tk+1) — §(tk+1)|, are less than the

values specified in the ERRMAX array for all seven components of x, E(tkﬂ) is accepted as

13
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Fig.3. Flow chart of TRAJGX calculations.
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i}
the value of x at time tk+1' If not, é(tkH

calculated based on x(tk) and the corrected vector é(t

) is set equal to f(tkﬂ) and another value of f(tkH) is
k+1)' New convergence errors are calcu-
latcd and the comparison test and subsequent procedure are repeated until sufficiently small
convergence errors are obtained. The above procedure is repeated for each integration step

until the desired interval has been covered. Figure 4 is a flow chart of thc subroutine.

V. SUBROUTINE ESTMAT
A. Description

Subroutine ESTMAT estimates the true value of a state vector by combining a predicted
value, given in radar-centered rectangular coordinates, with a noisy measurement given in
radar-centered polar coordinates. It is essentially a recursive Kalman-filter scheme. Double-
precision calculations are used throughout. In making the estimate, thc prediction and the
measurement are weighted in proportion to the inverse of their respective mean-square error
covariance matrices. ESTMAT may also be used to perform trajectory error analyscs, in
which the effects of hypothetieal errors in the initial state and subsequent measurements are
ealeulated. Suitable variances are inserted in the appropriate covariance matrices which are
evaluated and propagated along the nominal trajectory.

The subroutine calculates the mean-square error covariance matrix of the estimate, and
prints it out if desired. This matrix is saved by the subroutine to be used, along with the tran-
sition matrix, in computing the covariance matrix of the next prediction. The transition matrix,

dcfined by the equation
d’k’ k-1 = aﬁ(tk)/aﬁ(tk_i)

is required as an input argument to ESTMAT. It is eomputed by subroutine TRAJGX in the
course of calculating the predicted value of g(tk). If TRAJGX is not used, a suitable transition
matrix must be calculated clsewhere.

Subroutines DMTMUL, MINV, RCOVTX, XCOVTR, and XYTOR are also required by
ESTMAT.

One problem that ariscs in lincar recursive tracking is that at a sufficiently high data rate,
the computed covariance matrix of the estimate will tend towards zero. This has the effect of
giving progressively less weight to measurements. As a result of errors in our model of the
state equation, or in our covariance matrix calculations, or in the numerical integration rou-
tine (especially during re-entry), it is often advisable to weight thc measurements higher than
the algorithm normally would.

An arbitrarily chosen deviee (others are possible) that has been used to remedy the situa-
tion is to prevent the determinant of the covarianee matrix from deereasing below a given ref-
ercnce value. This reference is generally set equal to the determinant of the covariance matrix
after a specified number of data points have been processed. For all subsequent cstimates,
thc determinant of the covariance matrix is calculated and the entire covariance matrix is scaled
up so that its determinant is equal to the reference. The determinant, and also the covariance
matrix, are said to be "clamped,” and prevented from decreasing to zero. A parameter KLAMP,
referred to as the clamping time, or memory, of the algorithm specifies the number of data

points to be processed beforc calculating the reference determinant.

4.5



Input
x(t)
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Are
algebraic
signs of TAU (dato
interval) and TSTEP
(integration step)
the same?

Set parameters
TINT = TAU
TINCR = TSTEP

Set parometers
TINT = TAU
TINCR = —TSTEP
(sign of integration
step is farced to ogree
with that of dato step)

Print diagnostic

Mo
Set output state =
input state
Set indices Set up initial
stote vector
x
Q
Set transition
matrix = identity R
matsix NIl l
KDELT =0
PHSKIP = 0. Set initial tramsition
T=0. matrix & =
DT = TINCR identity matrix
RETURN 15Q = (TINCR)?
Fig. 4. Flow chart of subroutine TRAJGX.
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(& = TINCR) KOUNT=0

i

Fig. 4. Continued.
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Subroutine ESTMAT is ecalled by the follo%ving statement:
CALL ESTMAT (STATEM; STATEP, PHIMTX, ESTATE, DEVX, DEVR)
The input arguments are:

STATEM Measurement veetor in radar-centered polar coordinates
STATEM(1) = range measurement
STATEM(2) = azimuth measurement (in radians)
STATEM(3) = elevation measurement (in radians)
STATEM(4) = range rate (Doppler) measurement (if used)
STATEM(5) = azimuth rate measurement (if used)
STATEM(6) = elevation rate measurement (if used)
STATEM(7) : generally not used

STATEP Predicted state vector in radar-centered rectangular
coordinates

PHIMTX Transition matrix (Note: this matrix is destroyed by ESTMAT)

The output arguments are:
ESTATE Estimated state vector in radar-centered rectangular

coordinates

DEVX Seven-component veetor containing expected rms errors
of estimated state vector in rectangular coordinates

DEVR Seven-component vector containing expected rms errors
of cstimated state vector in radar polar coordinates

The following statements are also required in the calling program:

COMMON/ACOM/COVAR(7), SIGMA(7)/FCOM/COORD, DLAT, PRNT/
ICOM/KLAMP, MDATA, NN’

DIMENSION STATEM(7), STATEP(7), ESTATE(?7), PHIMTX(7, 7),
DEVX(7), DEVR(7)

The quantity MDATA is an integer specifying the mode of operation of ESTMAT, and may
have values from —7 to +7, but not zero. (If MDATA = 0, noiscless trajectory data will be
generated and subroutine ESTMAT will not be called.) The magnitude of MDATA indicatcs the
number of measurement vector components used, while the sign indicates the type of job to be

done — positive for estimation, negative for error analysis. Some common valucs are given

below:

MDATA = 4 state-vector estimation, using range, azimuth,
elevation, and range rate (Doppler) measurements

MDATA = 3 state-veector estimation, using range, azimuth,
and elevation measurements

MDATA =1 state-vector estimation, using range measuremecnts only

MDATA = —4 error analysis, assuming range, azimuth, elevation,
and range rate (Doppler) measurements

MDATA = —3 error analysis, assuming range, azimuth, and
elevation measurements

MDATA = —1 error analysis, assuming range mcasurement only.

The SIGMA array contains the rms errors associated with the measurement veector.
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SIGMA(1) = rms range measurement error

SIGMA(2) = rms azimuth measurement error (in radians)
SIGMA(3) = rms elevation measurement error (in radians)
SIGMA(4) = rms range rate (Doppler) measurement (if used)
SIGMA(5) = rms azimuth ratec measurement error (if used)
SIGMA(6) = rms elevation rate measurement error (if used)
SIGMA(7) . not used

The COVAR array eontains the rms errors assoeiated with the initial estimate of the state
veetor. (At the start of a run, an initial estimate of the state veetor, along with rms errors
assoeiated with it, must be given.) The elements of the COVAR array may be in radar-centered

rectangular or polar eoordinates and are listed below.

COVAR(1) = rms error in initial estimate of x (or range)
COVAR(2) = rms error in initial estimate of y (or azimuth)
COVAR(3) = rms error in initial estimate of z (or elevation)
COVAR(4) = rms error in initial estimate of X (or range rate)
COVAR(5) = rms error in initial estimate of y (or azimuth rate)
COVAR(6) = rms error in initial estimate of z (or elevation rate)

COVAR(7) = rms error in initial estimate of o = drag parameter = 1/8

The specification of the eocordinate system of COVAR is indieated by the value of the pa-
rameter COORD.

COORD
COORD

+1.0 COVAR in reetangular eoordinates
+2.0 COVAR in polar coordinates

1

A seleetion of printed output is available by speeification of the parameter PRNT.

PRNT < 0. No printed output from ESTMAT

PRNT = 0. The covariance matrix of the estimated state vector
is printed for each point processed. It is given in
reetangular eoordinates along with a "hybrid" matrix
in polar coordinates. In the hybrid matrix, the diag-
onal terms are rms, rather than mean-square, errors
while off-diagonal terms are correlation coefficients
of the mean-square errors. Mathematically,

e a2 ; ;
e~ O'i (diagonal terms)

2
c..=—__ M (off-diagonal terms)
1 z 2
O.x. (0T
ii 7 jj
where
02 = mean square covarianee in polar eoordinates

¢ = hybrid matrix element

PRNT > 0. Covariance matrices for predicted as well as estimated
state veetors are printed for each data point in the same
formats deseribed above. In addition, the partial deriv-
ative matrix H, the weighting matrix W (see Sec.V. B),
and the estimated state vector in rectangular coordinates
are printed.
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Other quantities in

NN =
KLAMP =

DLAT =

COMMON storage are:

number of the data point currently being processed.

clamping, or memory, time of process note: KLAMP = 0
is used to indicate that no clamping is desired. The same
effect may be obtained by making KLAMP greater than the

total number of points to be processed.

latitude of radar (reference) site, in degrees (not used by

ESTMAT)

B. Mathematical Discussion

As stated in part (A) of this section, ESTMAT estimates the true value of a state vector by

combining a predicted value of the state vector with a noisy measurement vector. The mathe-

matical formula is

N
Xk

where

w

~k

2k, k-1

given below:

=Xy ger W —hexy )l
e To-1.. -1 . T -1
-5y tHR T ETR

o To-1

‘§kE 5

= estimate of state vector x at time tk

= predicted state vector x at time ty, based on

N . .
X4 the estimate of x at time tk—i

= measurement vector at time tk
5 : N
= mean-square error covariance matrix of xy

= 2, e A ety 1T
and x* = nominal (noiseless) value of x.

= mean-square error covariance matrix of Xp k-t
,

= mean-square error covariance matrix of measure-
ment vector r.

= partial derivative matrix dr/ax

where r = vector in measurement coordinates
x = vector in estimation coordinates
r = h(x)

Ifr has m components and x has n components
H will have m rows and n columns. If r and x
are in the same coordinate system, Hij = 1501 —j)

Equation (1) is approximately equivalent to

Fal
Xk

Equation (3) shows that the prediction Xp k-1 and the measurement r

Sp +HTR™

* SISy o1 X ket o

k

(1)

(2a)

(2b)

(3)

are each weighted by

the inverse of their respective covariance function. The matrix S, is related to the other ma-

—k

trices by the relation
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PR T -1..,-1
§k— (§k, k-1 + E B E) (4)

is related to the covariance matrix of the estimate at the previous point by

S =

Sy k-1 5

T
®y, k-15K-12x, k-1 (5)
where

=9 /9% (6)

Ry gt T By g/ %y

The matrix ¢ is called the transition matrix and is calculated in subroutine TRAJGX.
Figure 5 shows a flow chart of version I of ESTMAT, based on Egs. (1) and (2).
Emphasis is on the inverse covariance matrix S-i, which is continually updated by the

equation

-1 _ . -AT -1 -1
=2y 1Sk By k1 6
-1

k, k-1
ing matrix W of Eq. (2). Since x is a seven-component vector, both of these inversions involve

Matrix inversion is performed to obtain ¢ for use in Eq. (7) and to calculate the weight-
7 X 7 matrices.
V. O. Mowery3 has presented some alternate equations, mathematically identical with
Egs. (2) and (4), which involve inversion of lesser order matrices. Replacing Eqs. (2) and (4),
we have

W=s

T
Sic kqH (B + HS

K k-1H ) (8)

1921
"

(I- WH) S (9)

k, k-1

where

1}

1 = identity matrix
The matrix to be inverted is now n X n where n, the dimension of the measurement vector r,
is practically always less than 7. Version Il of ESTMAT, using Mowery's equations, is shown
in Fig. 6.

In performing error analyses, all matrices are evaluated along the nominal trajectory, with
the covariance matrices being updated by Eqs. (7) and (4), or (5) and (9) depending on which ver-

sion of ESTMAT was used.

VI. SUBROUTINE DENS
A. Description

Subroutine DENS computes, in double precision, the atmospheric density at any altitude.
The subroutine may be entered through two points, DENS and ATM. The calling statements for
each entry point are given below with explanation.

The statement CALL DENS must be used to enter the program initially, before any atmos-
pheric density data are required. It sets up arrays of up to 100 discrete altitudes in km and kft,

and arrays of their corresponding atmospheric densities in kg/meter3 and 1b/ft3. respectively.*

* Atmospheric density data are from the U.S. Standard Atmosphere 1962 (United States Gov-
ernment Printing Office, Washington, D.C., 1962), Tables I and IV.
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Fig. 6. Flow chart of subroutine ESTMAT (Mowery method).
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(As presently written, only the first 61 elements of each array are filled in, up to an altitude of
about 200 km. At higher altitudes the atmospheric density is set equal to zero.) Control is then
returned to the main program.

The statement CALL ATM(HKMFT, RHO) is used when atmospherie density data are re-

quired. The arguments are

HKMFT = altitude in km or kft

RHO = density in kg/m3 or lb/ft3

The units used will depend on the value of the parameter COORD, in COMMON storage.
English units are used if COORD > 0, metrie units if COORD < 0.

The following COMMON statement is also required in the ealling program:
COMMON/FCOM/COORD, DLAT, PRNT

The other quantities in COMMON storage are not used by this subroutine.

B. Mathematieal Diseussion

The given altitude is eompared with those stored by the subroutine, and the desired density

is computed as follows:

If

hj <H< hj+‘1
then

A= (H- hj)/(hj+1 hj)
and

g
where

I = input altitude, in kilometers or kilofeet

hj = jth altitude in stored array

_.th : N

p. =) atmospherie density in stored array,

J corresponding to hj

p - atmospheric density at altitude H
M > h. , where h. = maximum altitude stored in array, then p = 0. I H < 0, the pro-

jmax jmax
gram prints out EARTH IMPACT.

VII. SUBROUTINE XYTOR

Subroutine XYTOR converts position and veloeity given in radar-ecentered rectangular co-

ordinates into radar-centered polar coordinates. The following ealling statement is required:

CALL XYTOR(X, Y, Z, XDOT, YDOT, ZDOT, R, A, E. RDOT, ADOT, EDOT)
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The input arguments are:
X = position component in easterly direction
Y = position component in northerly direction

Z = position component in vertical direction

XDOT = X = dX/dt
YDOT = Y = dY/dt
ZDOT = Z = dZ/dt
The output arguments are:
R = range

A = azimuth (in radians)

E

elevation (in radians)
RDOT = range rate = R = dR/dt

ADOT = azimuth rate (radians/sec) = A = dA/dt

EDOT = elevation rate (radians/sec) = E = dE/dt

The following equations are uscd in the calculations:

X2+ 2+ z2)1/2

R =
A = tan” 1 (X/Y)
E = sin-i(Z/R)
RDOT = (XX + YY + ZZ)/R
ADOT = (YX + XY)/(X% + Y?)
EDOT = (RZ — ZR)/(RRZ - 22)1/?]

VIII. SUBROUTINE RTOXY

Subroutine RTOXY converts position and velocity given in radar-centered polar coordinates

to radar-centered rectangular coordinates. The following calling statemecnt is required:
CALL RTOXY(R, A, E, RDOT, ADOT, EDOT, X, Y, Z, XDOT, YDOT, ZDOT)
The input arguments are:
R = range
= azimuth (in radians)
E = elevation (in radians)
RDOT = range ratc = R = dR/dt
ADOT = azimuth rate (radians/sec) = A = dA/dt

EDOT = clevation rate (radians/sec) = E = dE/dt
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The output arguments are:
X = position eomponent in easterly direetion
Y = position eomponent in northerly direetion

Z = position eomponent in vertieal direetion

XDOT = X = dX/dt
YDOT = Y = dY/dt
ZDOT = Z = dZ/dt

The following equations are used:
X = R eosE sinA
Y = R eosE eos A
Z = R sinE
XDOT = XR/R — ZE sinA + YA
YDOT = YR/R ~ ZE eos A — XA

ZDOT = ZR/R + RE eos E

IX. SUBROUTINES XCOVTR AND RCOVTX
A. Deseription of XCOVTR

Subroutine XCOVTR eonverts a 7 X 7 mean-square error eovarianee matrix in radar-
eentered reetangular eoordinates to one in polar eoordinates. It also ealeulates a partial de-
rivative matrix H = 9r/9x where r and x are the state veetors in radar-eentered polar and
reetangular eoordinates, respeetively.

The ealling statement is
CALL XCOVTR(XCOV, XVCTR, RCOV, NCODE)
The input arguments are:
XCOV = 7 X 7 eovarianee matrix in reetangular eoordinates

XVCTR = seven-eomponent state veetor used in evaluating
matriees

NCODE = operation seleetor eode

NCODE > 0: subroutine ealeulates eovariance matrix
in polar eoordinates

NCODE < 0: subroutine caleulates partial derivative
matrix H = ar/ox

The output argument is:

RCOV = 7 X 7 mean-square error eovarianee in radar-eentered
polar eoordinates

or

partial derivative matrix H = 8r/ox

28



The following statement is also required in the calling program:
DIMENSION XCOV(7,7), RCOV(7,7), XVCTR(7)

Subroutines XYTOR and DMTMUL are required by this subroutine.

B. Description of RCOVTX

Subroutine RCOVTX converts a 7 X 7 mean-square error covariance matrix in radar-

centered polar coordinates to one in rectangular coordinates. The calling statement is:

CALL RCOVTX(COVR, XSTATE, COVX)

The input arguments are:

COVR = 7 X 7 mean-square error covariance matrix
in polar coordinates

XSTATE = seven-component state vector used in evaluating
matrices

The output argument is:

COVX = 7 X 7 mean-square error covariance matrix

in radar-centered rectangular coordinates

i

The following statement is also required in the calling program:
DIMENSION COVR(7,7), COVX(7,7), XSTATE(7)

Subroutine XYTOR is required by this subroutine.

C. Mathematical Discussion

Consider the state vectors x and r in radar-centered rectangular and polar coordinates,

respectively.
X Xy =X easterly component rr, = R = range
Xy =Y northerly component r, = A = azimuth
X3 =12 vertical component ry = E = elevation
X, = X r, = R
xs =¥ m, = &
Xg = 2 rg = E
Xq =@ = 1/p = reciprocal of r,=a =1/8

ballistic coefficient

The covariance matrices are

E [(x—x*) (x - x* )T] in rectangular coordinates

™
1]

E[{r—-r*)(r- g*)T] in polar coordinates

where

E indicates average or expected value

x* = nominal value of x
P

nominal value of r
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The covariance

where the subseripts

dr/ox
Bri/i)xi

ox/or = H |

Bxi/ar‘j

matrices gx and Er are related by the equations

indicate the eomponent (or element) of the vector (or matrix) involved.

The first six components of the x and r veetors are related by the equations given with
subroutines XYTOR and RTOXY, while x,

are given below:

Hyy

Hyo

His

H14

Hyy

22

23

24

31

32

33

34

H

4 -

°oR

=8_X:X/R
= di
=y - IR
-8R _
=3 = /R
= through Hy,=0
. S L W
Toex T 2 2

36
:%:— b:S
oy x2+y2
.
_6—2_0
through H27 =0
_ oE _ Xz
Toex

R2 x2+y2
s OB yz
o

RZ XZerZ
_e _Nxt eyl
_az'—RZ_

through H37 =10

5R

oR _ R;(—Rx
ox

RZ

1‘7.
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The various eclements of the H and B matrices
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1

i
Hys

47
51

1{52

53
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H55
56

57

43~

AR Ry -R
ﬂl.i _ Ri "Rz
0z RZ
Hyy

Hyo

Hys

0

A (2xA+y)
i
8A _ x —2Ay
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61

62

63

64

65

66

67

71

H

77

11

12

13

14

21

22

28

24

31

32

33

34

41

42

(x“ + y%) R2 x2+y2
8E __zE _R
9z RZ R 33
H31
H32
H33
0

through H76 =0

da /o = 1

9x/0R = cosE sinA

9x/8A = R cosE cosA =y

9x/0E = —R sinE sinA = —z sinA

through B,, = 0

17

8y/8R = cosE cosA

9y/0A = —R cosE sinA

1
1
w

9y/0E = —R sinE cosA = z cos A

through B, =0

1t

27

9z/8R = sinE = z/R

9z/0A

1l
(=)

9z/9E = R cosE

through B37 =0

9%/0R = A cosE cosA — E sinE sinA
0%/0A = R cosE cosA — ER sinE cos A — AR cos E sin A

R cosE cosA — zE cosA — xA
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B43 = —R sinE sinA — ER cosE sinA — AR sinE cosA

= —R sinE sinA — xE — zA cos A

B,, = 9%/9R = 0x/8R = B

44 11

B, = 0%/9A = 9x/0A = B,

Byg = 9x/9E = 8x/9E = B,

Bz =10

B, = 99/9R = —E sinE cosA — A cosE sinA

B,, = 9y/0A = —R cosE sinA + ER sinE sinA — AR cos E cos A
=—R cosE sinA + zE sinA — yA

B, = 9y/9E = —R sinE cosA — ER cosE cosA + AR sinE sinA

= —R sinE cosA — yﬁ: + zA sinA

B., = 9y/8R = 8y/0R = B

54 21
B, = 85/9A = 9y/8A = B,,

By, = 9y/dE = 9y/dE = Boo

B, =0

B61 = 82/8R = E cosE

B, = 92/8A = 0

B, = 92/9E = R cosE — ER sinE

R cosE — ZE

Bl = 8z/8R = 8z/9R = B,
B, = 92/0A = 8z/9A = B
By = 82/0E = 98z/0E = Buss
By, =0

B71 through B76= 0

B,, = da/da =1

X. SUBROUTINE GAUSSN
A. Description

Subroutine GAUSSN generates random numbers with a Gaussian distribution of zero mean
and standard deviation SIGMA. The program is called by
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CALL GAUSSN(NS, RN, SIGMA)
where

NS = number of samples desired
RN = array name of output

SIGMA

desired standard deviation

B. Mathematical Discussion

The subroutine makes use of the library subroutines RAN and ALOG. The procedure used
- . . 4
to obtain a Gaussian number, RN, is as follows:

Lety=—1nV1

=—1n v,
where V, and V, are random numbers obtained from the RAN subroutine.
The quantity (y — 1)2 is compared with 2z. If (y— 1)2 > 2z, two new random numbers are

selected and the above comparison repeated. If (y— 1)2 < 2z, a third random number S is se-

lected to determine the sign of the desired output number. If
S < 0.5 RN = (y) (SIGMA)
S > 0.5, RN = — (y) (SIGMA)

S = 0.5, another'number S is chosen and the above
test for sign is repeated.

X1. SUBROUTINE DMTMUL
Subroutine DMTMUL is a double-precision matrix multiplication subroutine. It is called by
CALL DMTMUL(A, B, AB, NRA, NCA, NCB).
The input arguments are:

A
B input matrices to be multiplied

NRA

number of rows in matrix A
NCA = number of columns in matrix A
NCB = number of columns in matrix B
The output argument is
AB = matrix product (A)(B)

The matrices A, B, and AB must have the same dimensions in both the calling program
and the subroutine. When used with the TRAP program described here, A, B, and AB are di-
mensioned 7 X 7. Smaller matrices may also be multiplied by DMTMUL, even though they may
not fill the complete array, by proper specification of NRA, NCA, and NCB.

Xl1l. SUBROUTINE MINV

Subroutine MINV is a matrix inversion subroutine from the IBM System/360 Scientific Sub-

routine Package.5 It uses the standard Gauss-Jordan method and is available in both single and
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double precision. (Our applications use the double-precision version.) The subroutine is called

by the statement:
CALL MINV(A, N, D, L, M)
where

A = input matrix, destroyed in computation
and replaced by resultant inverse

N = order of matrix
D = resultant determinant

L
M

= work vectors of length N

The one-dimensional array variables A, L and M must be suitably dimensioned in the call-
ing program.
The matrix to be inverted may be stored in a one-dimensional array of size N2 before call-

ing MINV .6 A series of FORTRAN statements to do this are given below:
DO1 J=1, N
DO1 K=1, N
L=Nx{J-1)+K
1 A(L) = ARRAY(J, K)

where ARRAY is the two-dimensional array of the matrix to be inverted.
Subroutine MINV may now be called to invert the matrix stored in the one-dimensional
array A. After matrix inversion, the resulting inverse, stored in the one-dimensional array

A, may be placed in a two-dimensional array by the following statements:
DO 2 L =1, LMAX

J=(L-—1)/N+1

K=L—-Nx(J-1)

2 ARRAYI(J, K) = A(L)

where LMAX = N2 and ARRAYI is the N X N array of the inverted matrix.
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APPENDIX A
SOME RELATIONS USED IN CALCULATION OF DERIVATIVES
FOR A MATRIX 9f(x)/dx

p= poe-‘yh = atmospheric density
b= 5P RE)Zli/Z ~ Ry - altitude
Rp = radius of earth
Vi = (5(2 + }-IZ + iz)i/z = drag velocity
R = [x2 + y2 Fil(iZrt: RE)Zli/Z = distance from center of earth to object
8P/8x = — Py ﬁx

8P/dy = — Py ﬁy

0P/8z = — Py(z + Rg)/R

oP/o% = Px/V]
. )
9P/ dy = Py/VD
5 S
apP/ oz = Pz/VD

2 3
B=uw —GM/R

3

o SINS(DLAT] — G /R

Q
n

m/

N = w? cos?(DLAT) — G,, /R>

M

aB/ax

aN/ox = 3xc;M/R5
5
9B/dy = 8G/dy = 8N/dy = 3yG, /R

9B/ 0z

5
dg/dz = 8N/dz = 3(z + Rg) G, /R
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APPENDIX B

PROGRAM LISTINGS
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TABLE B-I
MAIN PROGRAM (VERSION I)

OO0

OO0

gigiciciclasligiatnlisiz  pRzEal ol nd nle KRl RN RAR)

MAIN PROGRAM

IMPLICIT REAL*8(A-H,0-2)

COMMCN /ACOM/CCVAR(T7),SIGMA(T7)/FCOM/COORDDLAT,,PRNT/ICQM/KLAMP MDA
1TA,NN

CIMENSION GNC1SE(7),RGN(54)9AZN(54)4ELN(54),RAPN(54) ,BETAH(54),

1 RHAT(54),AHAT(54)yEHAT(54)RPHAT(54) yAPHAT(54) ,EPHAT(54) ,STAT
2EM(T)STATEP(T7)PHIMAT(7,7),FNOISE(T7),ALPHA(54),DALPH(54)
CIMENSIDN PHINV(T7,7),PROC(T7,7),ESTATE(T)STATEI(T) X(54),Y(54),2(5
14) 4 XP(54),YP(54)4yZP(54),0X(54)+DY(54),02(54),DXP(54)4+DYP(54),DZP(5
24) 9y XHAT(54) , YHAT(54),ZHAT(54) , XPHAT(54),YPHAT(54),ZPHAT (54),ASPECT
3(54)4SIGR(54),SIGA(54),SIGE(54)+ySIGRP(54),SIGAP(54),SIGEP(54),51GX
4(54)+SIGY(54),SIGZ(54),SIGXP(54)4+SIGYP(54),SIGZP(54),SIGALP(54)
CIMENSION GN(7),LABEL(18),RA(54),AZ(54),EL(54), AZP(54) 4ELPI(S
14)yFEIGHT (54 ), TIME(54),RAP(54),BATA(54),ERRMAX(T7) ,STDEVRI(7),STDEV
2X(17)

CIMENSICON DR(54)4DE(54)4DA(54)4yDRP(54),DAP(54),DEP(54),DB(54)

CALL DENS TC SET UP ATMDSPHERIC DENSITY TABLES
CALL DENS
REAC INPUT OATA CARCS

REAC(542,END=9000) (LABEL(I1),1=1,18)

FORMAT (18A4)

REAC(S54+3)(STATER(J)4Jd=14T7)

FORMAT(7F10.3)

REAC(544)TZERC,DELTHTINTyTINCR+DLATyPRNT NDATA,KLAMP,MDATA
FOCRMAT (5F10.34F5.3,315)

REAC(5,3)(SIGMA(J),J=146),CO0RL

READ(543)(CCVAR(J)J=1,7)

READ(S,3)(FNCISE(J)4J=1,T7)

REAC (543 ) (ERRMAX(JJ)yJJ=1,T)

LABEL= ICENTIFYING COMMENTS TD APPEAR WITH DATA PRINT-CUT

TZERC= INITIAL TIME

TINT=INTERVAL BETWEEN DESIRED DATA PDINTS (SEC.)

TINCR=INTEGRATICN STEP SIZE (SEC.)

CLAT= LATITUDE OF RADAR SITE (IN DEGREES)

NCATA=NUMBER CF CESIRED DATA POINTS

PRNT=PRINT-DUT SELECTUR
PRNT=-1. MINIMUM PRINT-DUT, TABULATED SUMMARY CNLY
PRNT= 0. PRINT-0UT OF CDVARIANCE MATRICES + TABULATED SUMMARY
PRNT= 1. FULL PRINT-0UT

KLAMP=MEMCRY DF ALGORITHM,EXPRESSED AS NUMBER DF DATA PDINTS

MCATA=MCCE SELECTCR
MCATA GREATER THAN C. TRAJECTDRY PARAMETER ESTIMATION
MCATA = C. NOISELESS TRAJECTORY GENERATION CNLY
MCATA LESS THAN . = 0. ERROR ANALYSIS

CCCRLC = CCCRCINATE AND UNIT SELECTODR
CLORC=-2. PCLAR CCDRDINATES, METRIC UNITS
CCCRC=-1. RECTANGULAR CODRDINATES, METRIC UNITS
CCORC=+1. RECTANGULAR CODRDINATES, ENGLISH UNITS
CCORC=+2. PCLAR CDURDINATES, ENGLISH UNITS

SIGMA = RMS NOISE COMPCNENTS OF MEASUREMENT VECTDR

CCVAR = RMS NDISE COMPONENTS DF INITIAL STATE VECTOR
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TABLE B-1 (Continued)

aNaNaNel

[aNaNe]

aNaNel

oOooOn

9

300

400

401

10

11

14

15

16

17

18
19

FNCISE = NCISE SAMPLES ASSOCIATED WITH INITIAL STATE VECTOR
ERRMAX = TRAJECTORY INTEGRATION CONVERGENCE ERRORS (IN REC-
TANGULAR COCROINATES)

IMAX=50
CCCRCM=DABS(CCCRL)
RTCEG=180./3.14159265

SET UP INITIAL STATE IN B8OTH RADAR POLAR AND XYZ COCRDINATES

IF(CCCROM-1.)400,400,300
RA(L)=STATEI(1])
AZ(1)=STATEI(2)
EL(1)=STATEI(3)
RAP(1)=STATEI(4)
AZP(L1)=STATEI(S)
ELP(1)=STATEI(6)

CALL RTCXY(RA(CL)yAZ(L1)oEL(L)oRAP(UL)ZAZP(L)ZELP(L) X (1) aY(1)y2Z(1),X
1P(1),YP(1),2P(1))

GC TC 401

X(1)= STATEI(])

Y(l)= STATEI(2)

Z(1)= STATEI(3)
XPU1)=STATEI(4)
YP(L1)=STATEI(S)
IP(1)=STATEI(6)

CALL XYTCRUIX(L1)yYUL)oZUL)aXPUL)YyYPUL)yZPU1)4RAUL)AZ(1),ELUL) RAPIL
11),A2P(1),CLP(L))
BETA=1./STATEI(T)
BATA(L)=BETA
BETAL=BATA(])

CALCULATE ASPECT ANGLE

ASP=(X(1 )*xP{1 )+Y(1l )*yp(l )+Z(1 )*zZP{l ))/(RA({]1l )#DSCRT(
LXP(1 )*x2+4YP(]1 )*%2+42P(1 )*%2))

ASPECT(]1l )=18C.-RTCEG*DARCOS(ASP)

TIME(L)=TZERC

TLAST=TZERC

PRINT REACER PAGE CF QUTPUT LISTING

WRITE (6,1C)(LAEEL(TI)yI=1418)

FCRMAT('17,20X,'CUTPUT LISTING'/184A4//)

WRITE(G,11)

FCRMAT(/SX"INITIAL CCONDITICNS'//)

IF(CCCRL) 14,516,116

RE=2.092573€EC7/3.2808333

WRITE(&,15)

FCRMAT(/SX,"METRIC UNITS(METERS,KILOGRAMS,RADIANS,SECCNDS) USEC TH
LRCUGHCLTY PRCGRAMY//)

€C TC 18

RE=2.0925738C7

WRITE(G,17)

FCRMAT(/5X, "ENGLISH UNITS(FEET,POCUNDS,RACIANS,SECONDS) USED THROUG
1-FCUT PRCGRANM'//)

CC 19 J=1,7

STATEN(J)=0.

X1=X(1)

Yl=y{1l)
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TABLE B-I (Continued)

Z1=2(1)
XCCT1=XxP(1)
YDCT1=YP(1)
ZCCT1=4P (1)
HEIGHT(1)=CSCRT(X1*%2+Y1%%2+( Z1+RE)**2)-RE
INEEX=1
WRITE(6450)TIME(INDEX),RAUINDEX),AZ{INDEX) EL(INDEX),RAP(INDEX),AZ
1P INDEX),ELP(INCEX)yX1,Y1,21,X0071,YDOT1,2D0T1,HEIGHT(INDEX) ,BETAL
WRITE(6450C)ASPECTI(1)
500 FORMAT(5X,*ASPECT ANGLE =',F10.2,' DEGREES'//)
WRITE(64110)CLATNCATA, TINT,TINCR
110 FCRMATI /5X s *RACAR LATITUDE' 43XyF10.542X, "DEGREES'/5X416,5X,"
ICATA PCINTS SPACEC'y3Xy FL10.6 42X,°*'SEC. APART, INTEGRATICN STEP',2
2XyFl0.642X,'SEC.'//)
IFIMDATA)TO,74,72
70 WRITE(6,71)
71 FCRMAT(/5X, *ERROR ANALYSIS'//)
198 CC 201 J=1,7
201 FNCISE(J)=0.
GC T1C 75
T4 WRITE(6,80)
80 FCRMAT(/S5X,'TRAJECTURY GENERATIUN'//)
TAU=TINT
GC TC 81
72 WRITE(6473)
73 FORMAT(/5X,*TRAJECTCRY PARAMETER ESTIMATICN FROM SIMULATED NOISY D
LATA'//)
75 TF(KLAMP) 760,760,751
751 WRITC(64752) KLAMP
752 FCRMAT(/5X,*MEMCRY TIME =',16,' DATA PCINTS*//)
TSTEP=TINCR
760 WRITE(G,76) CELT
76 FCRMAT(/5X,*TIME CF INITIAL MEASUREMENT WITH RESPECT TC TIME OF IN
LITIAL ESTIMATE =% 4yF10.3,3X,*'SEC."//)
WRITE(64,7T)
77 FCRMAT(/5X,'RMS NCISE LEVELS ASSUCIATEC WITH MEASUREMENT VECTOR'/)
WRITE (6,7)(SIGMA(U),Jd=1,6)

7 FCRMAT(/5Xs*'SIGMA(R)="yF1l0.2+5Xs'SIGMA(AZ)=",F10.645X,*SIGMA(EL)="
1yFl0.6sS5Xy*SIGMA(RCUT)I="4yF1Ca2/5X,y'SIGMA(AZOOT)="*",F10.6+5X,"'SIGMA(
2ELCLT)=*4F10.6/)

WRITE(6,13) MUATA
13 FCRMAT(/S5X,'CNLY THE 1ST',13,1X,'QUANTITIES CF THE VECTCR'/
15X, *CCNSISTING OF R,AZ,EL,RCOT,AZDOT,ELCOT,1./BETA, ARE MEASURED')
IF(CCCRCM-1.)780,78C,782
780 WRITE(6,781)
781 FORMAT(/5X,'INITIAL STATE VECTOR READ IN RADAR-CENTEREC RECTANGULA
LR CCCRCINATES'//)
CC TC 784
782 WRITE(E,783)
783 FCRMAT(/5X,*INITIAL STATE VECTCOR READ IN RADAR-CENTERED POLAR COOCR
ICINATES'//)
784 WRITE(6,78)(CCVARII),J=1,7)
78 FCRMAT(/5X,*RMS NCISE LEVELS ASSOCIATEC WITH INITIAL STATE VECTOR!
1L/7C17.8/7/7)
WRITE(6, 799 ) (FNCISE(J)9J=147)
799 FCRMAT(/5X,*NCISE SAMPLES AT INITIAL STATE'/7D17.8//)
81 WRITE(G, 12V (ERRMAX(JI)4dJ=1,7)

12 FCRMAT(/5X,*MAXIMUM INTEGRATION CONVERGENCE ERRORS(IN RECTANGULAR

LCCCRCINATES'/TC17.8//7/)
L=2
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TABLE B-I (Continued)

aNaNe

[a¥aNaNaNel

OO0

20

202
203

204

206

205

CATA LCOP

CO 1000 NN=1,NCATA
NN=NN
IFINN~-1)21,20,21

IF (MOATA) 2024224202

ACO NCISE CF RMS LEVEL COVAR TO NOMINAL INITIAL STATE
(NCISE=C. FCR ERRCOR ANALYSIS CASE)
SET INITIAL STATE ESTIMATE = INITIAL NCISY STATE

IF(COCRCM-1.)203,203,204

XHAT(1) =X(1)+FNCISE(1)

YHAT{1) =Y{1)+FNCISE(2)

ZHAT(1) =Z(1)+FNCISE(3)

XPHAT(1)=XP(1)+FNCISE(4)

YPHAT(1)=YP(1)+FNCISE(5)

ZPHAT(1)=ZP(1)+FNCISE(6)

CALL XYTCR(XHAT(1)yYHAT(1)yZHAT(1),XPHAT(1),YPHAT(1),ZPHAT(1),RHAT

1(1)y AHAT(1),ERAT(1),RPFAT(1),APHAT(1),EPHAT(1))

GC TO 206

RHAT(L)=RA({L)+FNOISE(L)

AHAT(1)=AZ{1)+FNCISE(2)

EHAT(1)=EL(L)+FNCISE(3)

RPHAT(1)=RAP({1)+FNOISE(4)

APHAT(1)=AZP(1)+FNCISE(5)

EPHAT(1)=ELP(1)+FNCISE(6)

CALL RTOXY{(RHAT{1),AHAT(L1),EHAT(1),RPHAT(L),APHAT(1),EPHAT{L),XHAT

1(1)y YHAT(1),ZHAT{1),XPFAT(1),YPHAT(1),ZPHAT(1))}

ESTATE(7)=STATEI(T7)+FNCOISE(T)
ESTATE(1)=XHAT(1)
ESTATE(2)=YHAT (1)
ESTATE(3)=ZHAT(1)
ESTATE(4)=XPFAT(1)
ESTATE(S)=YPFATI(1)
ESTATE(6)=ZPFAT(])
ALPHA(1)=ESTATE(T)
BETAH(1)=1./ESTATE(T)
TAU=CELT

CCMPUTE INIT1AL ERRCRS = (ESTIMATE)-(NCOMINAL STATE)

CR{1)=RHAT(1)=-RA(])
CALL)=AHAT(1)-AZ(1)
CE(L)=EHAT(L)-EL(L)
CRP(L)=RPHAT{L1)-RAP(1)
CAP{1)=APFAT(1)-AZP(1)
CEP(1)=EPHAT{1)-ELP(1)
CB(L)=RETAR{1)-BATALL)
CALPH{L)=ESTATE(7)-1./BETA
CX{L)=XHAT{1)=X{1)}
CY{L)=YHAT(1)-Y(1)
CZ{l)=ZHAT(1)-Z2(1)
CXP{L)=XPRAT{1)-XP({1)
CYP{1)=YPHAT{1)-YP(1)
CZP(1)=ZPHAT(1)-ZP{1)
CiC: e 22

SET UP ARGUMENTS FCR TRAJGX TO INTEGRATE NOMINAL TRAJECTORY TO
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TABLE B-I (Continued)

N ENCD

[aNeNeNe!

(e NNl (e NeNe]

(e NeNel

NEXT POINT

21 X1=X2
Yl=Y2
21=22
X0CT1=XDCT2
YOCT1=YDCT2
Z0CT1=200T2
EETAL=BETA2
TAU=TINT

UPCATE SUBSCRIPTS

22 K=FMCC(NN, IMAX)
NXT=K+1
INDEX=NXT
IF(K)123,23,24

23 K=[NMAX

CALL TRAJGX TC GENERATE NEXT LATA PCINT CF ACMINAL TRAJECTORY
IN XYZ CCCRCINATES

24 TIMEINXT)=TLAST+TAU
TLAST=TINMECINCEX)
CALL TRAJGX(XLyY1lyZ1lyXCUT1,YDUTL,ZL0TL1,BETAL,TAL L, TINCR,ERRMAX,
1X24Y24224XCUT2,4,YCCT24ZL0UT2yBETAZ2yPHIMAT)

X(NXT)=X2
YINXT)=Y2
LINXT)=Z2

XPINXT)=XCCT2

YPINXT)=YCCT¢

LPINXT)=ZLCT2

PATAINXT)I=RETAZ
FETCHEANXTI=COCRTIX2%#24Y 2% %24 (L24RE)%%2) =R {

CCNVERT TC RALAR PCLAR CCLURLCINATES

CALL XYICRUX2yY24Z29XBUTZHyYLUTLyZDUT2 RAINXT) yALINXT) yELINXT) yRAP L
INXT)y AZPINXT) yELP(NXT))

CALCULATE ASFECT ANCGLE

ASP=(XINXT)*XPINXT)4Y(NXT)I*YPINXT)I+ZINXTI*ZP(NXT))/(RAINXT)*DSCRT(
IXPINXT)I##24YPINXT)#%2+ZP(NXT)%%2))
ASPECTINXT)=18C.-RICEG*DARCCS(ASP)

WRITE NEXT NCMINAL CATA POINT

IF{PRNT)502,48,48
48 WRITE(Gy49)
49 FCRMAT('17,5X, *NCMINAL DATA POINT?//)
WRITE(O,SDITIME( INCEX) yRACINDEX)yAZ(IINDEX)CLIINDEX),RAP(INDEX) A2
LIPUINDEX) yELPUINCEX) ) X29Y2942yXDCT2,YD0UT2,,ZDCT2yHEIGHT (INDEX) ,BETA2
50 FCRMAT (59X, 'TIME =',F10.4/5X4"RA =",F15.243Xy"’Al ="3F10.6,93%X,’EL ="*
1yFl0e033Xy'RAP="yF1Ce293Xs?AZP=",F1Ce6,33Xy"ELP=",F1D.6/5X,'X =7,F
210.293X,°Y =?  F1l0.293Xy 2 SV Fl0.2¢3Xe"XP ="3F10.293X,'YP =',F10
3e6293X97LP =" ,F10.2/5X"HEIGHT =7,5X,F15.24y20X,’BETA=",5X,F1D.2//)
WRITE(6450C)ASPECTINXT)

WRITE TRANSITICN MATRIX FUR NUMINAL DATA PCINT
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TABLE B-I (Continued)

aNeNel

[aNaNeg!

6 NG | Y )

aNalal

laNaNal

51 FCRMAT(S5X, *TRANSITICN MATRIX PHI*/(7D17.8))
502 IF(MCATA)SB00,25,24C0

ERRCR ANALYSIS

580C STATEP(1)=Xx?
STATEP(2)=Y2
STATEP(3)=22
STATEP(4)=XCCT2
STATEP(S)=YCCT2
STATLP(6)=2LCT2
STATEP(T7)=1./BETAZ
CALL ESTMAT(STATEP,STATEP,PHIMAT,ESTATE,STDEVX,STDEVR)

STCRE EXPECTEC RMS ERRCRS

SICR (AXT)=STCEVR(1)
SIGA (NXT)=STCEVR(2)
SIGE (NXT)=STCEVR(3)
SICRPINXT)=SICEVR(4)
SIGAP(NXT)=STLEVR(Y)
SIGEPINXT)=5TLCEVRI(C)
SIGX (NXT)=STCEVX(1)
SIGY (NXT)=STCEVX(2)
SIGZ (NXT)=STUEVX(3)
SICXPINXT)=STLEVX(4)
SICYPINXT)=STEEVX(9)
SIGLP(AXT)=STLEVX(6)
SIGALPINXT)=STCLEVX(7)
CcC TC 2%

TRACKING ANL ESTILIMATICH,
ACLC NCISE CF RS LLVEL SIGMA TO CUTAIN SIMULATED MEASUREMENT

246400 C£L 241 J=1,4
24l CALL CAUSSNOL,CNCTISCOI)oSTEMNACID)

RGN INXT)=RA(CAXT)+CANCTISEAL])
AINIAXT)I=AZ INXTI+CNL LS (2)
ELNIAXT)I=CLINXTY+CNL LS (3)
RAPNIAXT)=RAF(INXT)I+CNCLSE(4)
STATENM(L)=RONIRAXT)
STATLE(2)=8ININXT)
STATLMO3)=LLNCNAT)
STATIM(4)=RAPNINXT)
[F(FRETIDYG L7457

FRINT CuT SIMULATLLD NUISY PEASUREMENT
YT WRITE(6H,58) TIMLINXT) g RONINXT ) o AINCINXT) o ELNINXT) yRAPNIAXT)
58 FORMAT(/5X, "NCISY CATA'/SXy"TIME =",F1Caby5X"RON=? 41 1Ce2,4 3%, AIN=
1" #1009 3Xy "ELN="yFlC.&9 32X,y "RAPN=",F10.2//)
CALL T<AJSX TU CLTAIN NEXT PRLDICTED CATA PCINT
59 CALL TRAJGX(ESTATE(L) ESTATE(2),ESTATE(3),ESTATE(4) ,£ESTATE(Y),ESTA

LTE(O)y ELTARCK) y TAL, I INCRy ERRMAX, STATEP (1), STATEP{2),STATEP(3),STAT
2EP(4) ,STATCP(S),STATEP(O),PEETA,PRCD)
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TABLE B-I (Continued)

CCNVERT NEXT PRECICTED DATA POINT TO RADAR POLAR COCRDINATES

aNaleal

STATEP(7)=1./PBETA
IF(PRNT)S5702+5700,57C0

5700 CALL XYTCR(STATEP(1),STATEP(2),STATEP(3),STATEP(4),STATEP(5),STATE
LF(6)yPRA,PAZ,PELyPRAP,PAZP,PELP)
FH=CSCRT(STATEP(1)**2+STATEP(2)*%2+(STATEP(3)+RE)**2)-RE
WRITE(6,57C)

570 FCRMAT(/5X,'PREDICTEC STATE BASED ON PAST DATA CNLY'*)

WRITE(6+50) TIME(NXT)PRA,PAZ,PELPRAP,PAZP,PELP,STATEP(1),STATEP(2
1),STATEP(3),STATEP(4),STATEP(S5),STATEP(6),PH,PBETA

CALL ESTMAT TC CCMBINE SIMULATED MEASUREMENTY WITH PREDICTEDC POINT
TC CEBIAIN FINAL ESTIMATE UF NEXT DATA POINT

aNeaNalal

5702 CALL ESTMAT(STATEM,STATEP,PROD,ESTATE,STDEVX,STOEVR)
C
C STCRE EXPECTEC RMS LRRCRS
C

SIGR (RKXT)=STCEVR(1)
SIGA (NXT)=STCEVR(Z2)
SIGE (NXT)=STLEVR(3)
SICRP{NXT)=STULEVR{4)
SIGAP(KXT)=STCEVR(Y)
SICEP(NXT)=STCEVR(G)
SIGX (RXT)=STCEVX(1)
SIGY (NXT)=STCEVX(2)
SIGZ (NXT)=STCEVX(3)
SIGXP(NXT)=STCEVX(4)
SIGYP(NXT)=STCEVX(Y)
SIGZP(NXT)=STCEVX (L)
SICGALP(NXT)=STCEVX (1)
579 CCNTINUE

CCANVERT ESTIMATEC STATE TC KACAR PGLAR CCCROINATES
STCRE LSTIMATEC STATE VECTCOR IN CUTPUT ARRAYS

M), R [

5733 CALL XYTCR(ESTATE(L),ESTATL(2),LSTATE(3),LSTATE(4),ESTATE(S5) ,ESTAT
LE(6E) yREATINXT )y AFATINXT )y EHFATINXT) ,RPHATUINXT) yAPHAT(NXT) ,EPHAT (NXT
2))

XEATANXT )=ESTATE(])

YEAT(ANXT }=CSTATL(Z)

IBAT (NXT)=ESTATE(3)

XPRAT(NXT)=ESTATE(4)

YPHFAT(AXT)=ESTATE(S)

IPHAT(NXT)=ESTATE(G6)

ALPHA(NXT)=tSTATE(7)

BETAH(NXT)=1./ESTATEL(T)
FAXT=CSQRT(ESTATE( 1) #%2+ESTATE(2) %% 2+ (ESTATE(3)+RE) *%2)—-RE
IF(PRAT)S581,5754,5754

C
C FRINT CUT ESTIMATEC STATE
C

5734 WRITE(E,58C)

580 FLRNMAT(/S5X,'ESTINATED PCINT?/)
WRITE(6,50) TIMEINXT ) yREAT(NXT) AHAT(NXT) ,EHAT(NXT) ,RPHAT(NXT) 4, APHA
ITINXT )y EPHFATINXT) o ESTATE(L ) ESTATE(2),ESTATE(3) ,ESTATE(4) 4+ STATE(S
2)yESTATE(G) s ENXT,,BETARINXT)
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TABLE B-I (Continued)

c
C

[aEaXel

)16 (D

CCMPUTE CIFFERENCES BETWEEN ESTIMATE AND NOMINAL DATA POINT

581 CR{NXT)=RHAT({NXT)-RA(NXT)
CA(NXT)=ARAT{NXT)=AZ{NXT}
CE(NXT)I=EHAT(NXT)=EL(NXT)
CRP(NXT)=RPHAT(NXT)-RAP{NXT)
CAP(NXT)=APHAT(NXT)-AZP(NXT)
CEP(NXT)=EPHAT(NXT)~ELP(NXT)
CBINXT)=8ETAK(NXT)-BATA(NXT)
CALPH(NXT)Y=ESTATE(7)-1./BATA(NXT)
CX(NXT)=XKAT(NXT)-X{NXT)

CY (NXT)=YHAT(NXT)=Y(NXT)
CZ(NXT)=SZHAT(NXT)=Z{NXT)
CXPINXT)=XPHAT{NXT)-XP(NXT)
CYP(NXT)=YPRAT(NXT)-YP(NXT)
CZPINXT)=ZPHAT{NXT)-ZP(NXT)

TEST FCR LAST CATA POINT OF RUN

25 LF(NN-NDATA)27,26,26¢
26 KMAX=INCEX
GC TC 40
27 TF(INDEX-IMAX)1I0CG,28,28
28 KMAX=1MAX

WR1TE CUTPUT

40 WRITE(G6,10)(LAEBEL(L)yI=1,18)
WRITE(6,41)
41 FCRMAT (/5X,"NCMINAL TRAJECTCRY IN RADAR CCORDINATES'//
1 X 'TIME' 48Xy "RANGE' y 7X 4 '"RACCT*, 7X,"AZIM",8X,'AD0T*,7X
2y TELEVT 48Xy 'ELDCT' 77X, "HEIGHT ' 46Xy *BETAY//)
WRITE(6442)(TIME(KK) yRA(KK)yRAP(KK) yAZ(KK) yAZP(KK) 4EL(KK) yELP(KK),
IFEIGHT (KK) 4BATA(KK ) KK=1,KMAX)
42 FCRMAT( 3XyFI10e392XsFI10e29X4F1l0
2e¢212X3Fl0e642X3F1l0+0y2X9yFlOaby2XsF1l0e632XyFlCa24+2XyFl0.2)
WRITE(6,10)(LABEL(T),1=1,18)
WRITE(6,410)
410 FCRMAT(S5X,*NCMINAL TRAJECTORY IN XYZ CLCRODINATES'//)
WRITE(b4411)
411 FORMAT (3X o "TIMEY 98Xy "X 'y LIX o 'Y 11Xy "2 'y 11Xy " XDOT? 48Xy 'YDOT?"38X,y'2
1CCTyBX, TRETAY 486X, YASPECT ANGLE'//)
WRITE(O6,412)ITIME(I) o XTI)oYUIIZZ(I) W XPUI)YP(J)HZP(J)BATA(J),ASPE
1CT(J)yJ=1,KMAX)
412 FCRMAT(3XsFlUe3+2X9F10e292X9F1l0e292X1Fl0e292X9F10e2+2X3F10.242X,F1
[Ca242XsF104242%X,F10.2)
[F(MCATA)900,1C0C,4.0
420 WRITE(G,1C)(LAEEL(I)yI=1,y1¢8)
WRITF(6443)
43 FCRMAT(S5X,"MEASURENMENT CATA'//6X " TIME',8X,y "RANGE? 37X, 'RADCT ', 17X,
1'AZIN?,20X, 'ELEV?//)
WRITE(O6+44)(TIME(KK) yROGNIKK) yRAPNIKK) yAZN(KK) yCLN(KK) ,KK=L ,KMAX)
44 FCRMAT(3X90F1l0a342X9F10e2¢2XsF1042414XF10.6,14X4F1Ca0b)
WRITE (6,10)(LABEL(I),1=],18)
WRITE(6,60)
60 FCRMAT(5X,*ESTIMATEL VALLES'//)
WRITE(b,061)
61 FCRMAT (33X, " TIME" ,8Xy "RANCE" 77X, "RACOT " 37X, "AZINM',8X"ALDCT ", 7TX'EL
LEV? 38Xy *ELCCT ", 7X, "EETA? ,8X,y "ALPHA'//)
WRITE(O,E62)(TIME{JI)yRHAT(JI)yRPHAT(J) yARAT(J),APHAT(J) yEHAT(J)yEPHA
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TABLE B-I (Continued)

1T(J)yBETAH(J) s ALPHA(J) yJ=1,KMAX)
62 FORMAT(3XysFl0e392X9Fl0e292X9Fl0e292X9Fl0e692X9F1l0.692X9F1l0e692XyF1

10.692X9Fl0e292XyF12.8)
WRITE(6,10) (LABEL(I),1I=1,18)
WRITE(6,60)
WRITE(6y413)

413 FORMAT(3Xs "TIME" $8Xs"X"911Xs"'Y'511X,'27,11X,'XDOT?,8X,'YDOT",8X,'2
1CCT',8X,"BETA",8X,"ALPHAY//)
WRITE(69414)(TIME(J) o XHAT(J) 9 YHAT(J) o ZHAT(J) yXPHAT(J)YPHAT(J) 42ZPH
LAT(J),BETAH(J) yALPHA(J)yJ=1,KMAX)

414 FORMAT(3XsF1l0e3942X3F1l0e292X9F10a292X9F10e242X9F10.242X3F10.242X,F1
10.292X9F1l0.292X9F12.8)
WRITE (6,10)(LABEL(I),I=1,18)
WRITE(6,63)

63 FCRMAT(5X, ' (ERRORS)=(ESTIMATED VALUES)-(NOMINAL VALUES)*'//)
WRITE(6461)
WRITE(6,62)(TIME(J)DR(J),DRP(J),DA(J),DAP(J),DE(J),DEP(J),DB(J)4D
LALPH(J) yJ=1,KMAX)

WRITE(6,10)(LABREL(]I)yI=1,18)
WRITE(6,463)
WRITE(64413)
WRITE(6,414)(TIME(J),OX(J),CY(J),DZ(J),DXP(J),DYP(J),DZP(J),DB(J),
1CALPH(J) yJ=1,KMAX)

900 WRITE(6,10)(LABEL(I),I=1418)
WRITE(6,901)

901 FCRMAT(SX,*EXPECTED RMS ERRORS'//)
WRITE(6,61)
WRITE(6,902)(TIME(J)ySIGR(J)ySIGRP(J)»SIGA(JI)+SIGAP(J)SIGE(J),,SIG
LEP(J)»SIGALP(J),J=L,KMAX)

902 FORMATI(3XsFl0e392XsF1l0.332X9F1l0.292XsF1l0.692X9F10.642X3F10.642%X,F1
1C.6,14X,F12.8)
WRITE(6,10)(LABEL(I),I=1,18)
WRITE(6,901)
WRITE(6,413)
WRITE(6,903)(TIME(J)ySIGX{J)ySIGY(J)9SIGZ(J),SIGXP(J),SIGYP(J),SIG
1ZP(J),SIGALP(J),yJ=L,KMAX)

903 FCRMAT(3X9Fl0e392X3Fl0.292X9F1l0.292X9Fl0.2:2X3F10.2:2%X,F10.2,2X,F1
10.2,14X,F12.8)
L=1

1000 CCNTINUE

1001 €C TC 1

9000 RETURN
ENC
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TABLE B-II
MAIN PROGRAM (VERSION II)

[aNaKe]

QLY P

OO E OGO T E OO O O

p—

10

110

MAIN PRCGRAM

IMPLICIT REAL*8(A-F,0-2)

CCMMCN /ACCM/CCVAR(7)4SIGMA(7)/FCOM/COORDyDLAT,PRNT/ICCM/KLAMP,MDA
1TA,NN

CIMENSICON GNCISE(T7)yRGN(54),AIN(54),ELN(54),RAPN(54),BETAH(54),

1 RHAT(54 )y AHAT(54)yEFAT(S54) ,RPHAT(54) y APHAT(54),EPHAT(54),STAT
2EM(T7)ySTATEP(7)yPHIMAT(7,7)sFNOISE(T7),ALPHA(54),DALPH(54)
CIMENSICN PHINV(7,7),PROC(7,47),ESTATE(T),STATELI(7),X(54),Y¥(54)},2(5
14) 4 XP(54),YP(54),ZP(54),CX(54),DY(54),0Z(54),0XP(54),0YP(54),DZP(5
24) s XHAT(54) s YHAT(54),Z+AT(54) s XPHAT(54), YPHAT(54) 4 ZPHAT(54),ASPECT
3(54),S1GR(54),SIGA(54),SIGE(54)sSIGRP(54)ySIGAP(54),SIGEP(54),SIGX
4(54),S516Y(54),SI1GZ(54),SIGXP(54),SIGYP(54),SIGZP(54),SIGALP(54)
CIMENSICN GN(7),LABEL(18),RA(54),AZ(54),EL(54), AZP(54),ELP(5
14)FEIGHT(54), TIME(54),RAP(54),BATA(54),ERRMAX(T7),STDEVRI(T7),STDEVX
1(7)

CINENSICN CR(54),DE(54),DA(54),DRP(54),DAP(54),DEP(54),DB(54)

CALL CENS TC SET UP ATMOSPHERIC DENSITY TABLCS
CALL CENS
REAC INPUT PARAMETERS AND PRINT ON LISTING

REAC(542+ENC=9COC) (LABEL(1),1=1,18)

FCRMAT (18A4)
REAC(Ss4)TZERCHTINT,TINCRy,OLATPRNT,NDATA,KLAMP,MDATA
FCRMAT(4F10.3,F5.3,315)
REAC(5,3)(SICMA(J),J=1,6),CCORD

FCRMAT(7F10.3)

REAC(5,43) (ERRMAX(JJ )9 JJ=1,7)

IMAX=50

CCCRCM=CABS(CCCRC)

RTCEG=180./3.141552¢5

LABEL= ICENTIFYING COMMENTS TO APPEAR WITH DATA PRINT-CUT
TZERC= INITIAL TIME
TINT=INTERVAL LETWEEN DESIRED DATA POINTS (SEC.)
TINCR=INTEGRATICN STEP SIZE (5SEC.)
CLAT= LATITUDE OF RADAR SITE (IN DEGREES)
NCATA=NUMEBER CF CESIRED CATA POINTS
PRNT=PRINT-CUT SELECTCR
PRNT==1. MINIMUM PRINT-0OUT, TABULATEC SLMMARY CALY
PRNT= 0. PRINT-CUT CF COVARIANCE MATRICES + TABULATED SUMMARY
PRNT= 1. FULL PRINT-CUT
KLAMP=MEMCRY CF ALGORITHM,EXPRESSED AS NUMBER OF DATA POINTS
MCATA=MCCE SELECTLR
MCATA GREATER THAN C. TRAJECTCRY PARAMETER ESTIMATICON
CCCRC = CCCRCINATE AND UNIT SELECTOR
CUCRC=-2. PCLAR CCURCINATLES, METRIC UNITS
CLCRC=4+2. PCLAR CCOURDINATES, ENGLISH UNITS
SIGMA = RMS NCIStE COMPUNENTS CF MEASLREMENT VECTOR
ERRMAX = TRAJECTCRY INTEGRATICN CCNVERGCENCE ERRORS (IN REC-
TANGULAR CCCRCINATES)

WRITE (641C)Y(LAECEL(I),1=1,18)

FCRMAT('17",2CX,"CUTPUT LISTING'/18A4//)
WRITE(&L,11C)CLATNCATA,TINT,TINCR

FCRMAT ( /5Xy "RAUAR LATITUDE's3XyF1Ceby2Xy "DEGREEST/5Xy1695X,?
1CATA PUINTS SPACEC'»3X, F10.6 42X, "SEC. APART, INTEGRATICN STEP',2
2X3F10.0642Xy'SECLT/Y7)
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TABLE B-II (Continued)

[aNaNe]

OoONoO

oOooOn

OooOn

IF(CCORD)14416,16
14 RE=2.0925738C7/3.2808333
WRITE(6415)
15 FORMAT(/5X,"METRIC UNITS(METERS,KILOGRAMS,RADIANS,SECONDS) USED TH
1RCUGHGUT PROGRAM!'//)
GC TO 18
16 RE=2.0925738C7
WRITE(6417)
17 FCRMAT(/5X,"ENGLISH UNITS(FEET,POUNDS,RADIANS,SECONDS) USED THROUG
LECUT PRCGRAM!'//)
18 CC 19 J=1,7
19 STATEM(J)=0.
75 IF(KLAMP)81,81,751

751 WRITE(6,752) KLAMP
752 FCRMAT(/5X,"MEMCRY TIME ='",16,"' DATA POINTS'//)

81 WRITE(6,12)(ERRMAX(JI)JI=1,T7)

12 FCRMAT(/SX,'"MAXIMUM INTEGRATION CONVERGENCE ERRORS(IN RECTANGULAR
1CCCRCINATES'/7C17.8//77)
L=2
LAST=0

CATA LCCP

CC 1000 NN=1,NCATA

NN=AN

NNFL1=NN+1

TEST FCR 1ST TIME THROLUGH

[F(NN-1)21,2Cy21

REAC INPUT DATA CARCS
20 REAC(5,30) TIME(1),RGN(1),AZN(1),ELN(1),RAPNI(]1)
30 FCRMAT(L15.2+4C15.6)

IF(TIME(L1)-TZERG)20,200,200

SET INITIAL STATE ESTIMATE = INITIAL NCISY STATE

200 RHAT(1)=RGN(1)

AFAT(1)=AZN(1)
EHAT(1)=ELN(1)

201 REAC(5,30) TIME(2),RGN(2),AZN(2),ELN(2)sRAPN(2)

CT=TIME(2)-TIME(]L)
IF(CT-TINT)201,2C2,202

202 APHAT(1)=(AZN(2)-AIN(1))/0T7

EPFAT(1)=(ELN(2)-ELN(L1))/CT
CCVAR(1)=SIGMA(])
CCVAR(2)=SIGMA(2)
CCVAR(3)=SIGMA(3)
CCVAR(S5)=1.414%SIGMA(2)/CT
CCVAR(6)=1.414%SIGMA(3)/CT
CCVAR(7)=1.
[F(MCATA-3)2C3,2C4,205

203 WRITE(6,21C)
210 FCRMAT(//5X,'*#%x THIS MAIN PROGRAM REQUIRES MDATA = 3 CR 4, QUIT")

RETURN

204 RPHAT(1)=(RGN(2)-RGN(1))/CT

CCVAR(4)=1.414%SIGMA(L1)/CT
GC TC 206
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TABLE B-II (Continued)

OO

OO

[aXaNel

205 RPHAT(1)=RAPNI(1)
CCVAR{(4)=SIGMA(4)

206 ESTATE(7)=1.C-4
BETAH{1)=1./ESTATE(T)

PRINT HEADER PAGE OF OUTPUT LISTING

WRITE{6413) MPDATA

13 FCRMAT(/5X,*CNLY THE 1ST',I3,1Xs'QUANTITIES OF THE STATE VECTOR'/
15X, *CONSISTING OF R,AZ,EL,RDOT,AZDOT,ELDOT,1./BETA, ARE MEASURED')
WRITE(6,17)

717 FORMAT(/5X,'RMS NGISE LEVELS ASSOCIATED WITH MEASUREMENT VECTOR'/)
WRITE (6,7)(SIGMA({J)yJ=1,6)

7 FORMAT{/SXy*'SIGMA(R)="4F10.2+5X,*'SIGMA(AZ)=",F10.6,5X, *SIGMA(EL)="
1,F10.6,5X, *SIGMA(RCCY)="',F10.2/5Xy*'SIGMA{AZCOT)="4F10.6+5Xy'SIGMA{
2ELCCT)I=",F10.6/)

WRITE(6,78)
78 FCRMAT(/5X, *RMS NOISE LEVELS ASSOCIATEC WITH INITIAL STATE VECTOR'
1/)
WRITE(6,7T){CCVAR{J),J=1,6)
WRITE(6,79) COVAR(7)
79 FCRMAT(SX,'SIGMA{1/BETA)=',F10.3//)

SET UP INITIAL STATE IN BOTH RADAR POLAR AND XYZ COCRDINATES

CALL RTOXY{RHAT(1)yAHAT{1),EHAT(1),RPHAT(1)APHAT({1),EPHAT(1),ESTA
ITE(L) +yESTATE(2)ESTATE(3),ESTATE(4),ESTATE(S),LSTATE(6))
FENXT=DSQRT{ESTATE( 1) **%2+ESTATE(2)**2+{ESTATE(3)+RE)**2)-RE
XHAT({1)=ESTATE(1)

YHAT(1)=ESTATE(2)

ZhAT(1)=ESTATE(3)

XPHAT(1)=ESTATE(4)

YPHAT(1)=ESTATE(S)

ZPHAT(1)=ESTATE(€)

ALPHA(1)=ESTATE(7)

HEIGHT {1)=:NXT

ANXT=1

WRITE(6449)NN
WRITE(6+SOITIME(NXT)Y,REAT{NXT), AHAT{NXT)} ,EHATI{NXT) yRPHAT{NXT),APHA
1T{NXT) EPHAT{NXT),ESTATE(L),ESTATE(2),ESTATE(3)},ESTATE(4),ESTATE(S
2)1ESTATE(O6) s EFNXTyBETAFINXT)

K=1

NXT=2

INCEX=2

GC TC 31

UPCATE SUBSCRIPTS

21 K=NMCD{AN, IMAX)
NXT=K+1
INDEX=NXT
IF{K)23,23,24

23 K=IMAX

REAC NEXT CATA PCINT

24 REAC(54304ENC=80CO)TIME(NXT)yRGNINXT),AZNINXT),ELN{NXT) ,RAPNI{NXT)
CT=TIME(NXT)-TLAST
IF(CT-TINT)24,31,31

31 TLAST=TIMEINXT)
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TABLE B-II (Continued)

[aNaXel

OO0

OO0

aNeEeXgl [aNeXel

[aEaNel

TAuU=CT
CALL TRAJGX TC CBTAIN NEXT PREDICTED DATA POINT

CALL TRAJUGX{ESTATE(1),ESTATE(2),ESTATE(3),ESTATE(4),ESTATE(5),ESTA
LTE(6),BETAH(K) yTAUy TINCRyERRMAX,STATEP{(1),STATEP(2),STATEP(3),STAT
2EP{4)STATEP(5),STATEP(6),PBETA,PRCD)

CCANVERT NEXT PRECICTED DATA PCINT TO RADAR POLAR COCRDINATES

5700 CALL XYTCR(STATEP{(1),STATEP(2),STATEP(3)},STATEP(4),STATEP(5),STATE
1P{6),PRA,PAZ,PELyPRAP,PAZP,PELP)
PH=CSCRT{STATEP(1)*%2+STATEP(2)*%2+(STATEP(3)+RE}*%2)-RE
STATEP{7)=1./PBETA
STATEM{1)}=RGN{NXT)
STATEM{2)=AZN{NXT)
STATEM{3)=ELNINXT)
STATEM{4)=RAPN(NXT)
IF{PRNT)5702,569,5¢9

FRINT CUT NCISY MEASUREMENT
PRINT CUT PRECICTEL STATE

569 WRITE(649)INNP]

49 FCRMAT{('1',5X,1%,' Tk CATA POINT'//)
WRITE(6,58) TIME(NXT),RGN{NXT),AIN{NXT),ELN{(NXT),RAPN{ANXT)

58 FCRMAT(/S5Xy'NCISY CATA'/S5X,'TIME ='4F1lCe4y5Xy?"RGN=",F1Ce2,3X,"AIN=

L?3yFl0e643XyYELN=",F104643X,"RAPN=",F10.2//)
WRITE(6,57C)

570 FCRMAT(/5X,*'PRECICTED STATE BASED OGN PAST DATA CNLY')
WRITE(€,950)TIME(NXT),PRA,PAL,PEL,PRAP,PAZP,PELP,STATEP(1),STATEP(2
1),STATEP(3),STATEP(4),STATEP(5),STATEP(6),PH,PBETA
IF{PRNT)570245702,5701

FRINT CUT TRANSITICN MATRIX

5701 WRITE(6451) ({PRCC{JI KK} 4KK=1,T7)4J0=1,7)
51 FCRMAT(/5X,'TRANSITION MATRIX®*/{7D17.8))

CALL ESTMAT TC CCHMBINE MEASUREMENT WITH PREDICTICON TC CBTAIN
ESTIMATE CF STATE VECTUR

5702 CALL ESTMAT(STATEM,STATEP,PROCLESTATE,STDEVX,STDEVR)
STCRE EXPECTEC RMS ERRCRS

SIGR (NXT)=STLEVR(1)
SIGA (NXT)=STLEVR{(2)
SICE (NXT)=STDEVR(3)
SICRP{NXT)I=STCEVR{4)
SIGAP{NXT }=STCEVR{(5)
SIGEP{NXT)=STCEVR(6)
SIGX (NXT)=STCEVX(1l)
SIGY (NXT)=STCEVX{2)
SIGZ (NXT)=STLEVX(3)
SIGXP{NXT)=STCEVX{4)
SIGYP{NXT)=STCEVX(S)
SIGZP(NXT)=STCEVX(E)
SIGALP(NXT)=STCEVX(7)
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TABLE B-II (Continued)

C CCNVERT ESTIMATEC STATE TO RADAR POLAR COORDINATES
C STCRE ESTIMATEC STATE VECTOR IN OUTPUT ARRAYS
C

5793 CALL XYTCROESTATE(1),ESTATE(2),ESTATE(3),ESTATE(4),ESTATE(5) 4ESTAT
LE(6) yREAT(NXT) y AFAT(NXT),EHATINXT) ,RPHAT(NXT) JAPHAT(NXT) EPHAT (NXT
2))

XHAT (NXT)=€ESTATE(1)
YHAT(NXT)=ESTATE(2)
ZHAT (NXT )=ESTATE(3)
XPHAT(NXT)=ESTATE(4)
YPHAT (NXT)I=ESTATE(S)
IPHFAT (NXT)=ESTATE(6)
ALPHA(NXT)=ESTATE(7)
BETAH(NXT)=1./ESTATE(T7)
FNXT=CSGRT(ESTATE(1)**2+ESTATE(2)**2+(ESTATE(3)+RE)**2)-RE
FEIGHT (NXT )}=HNXT
IF(PRNT)581457G6+579

FRINT CUT ESTIMATEC STATL

[aNaNal

579 WRITE(6,58C)
580 FCRMAT(/5X,'ESTIMATED POINT'/)

WRITE(6,50) TIME(NXT) yREFAT(NXT) yAHAT(NXT) EHAT(NXT) ,RPHAT(NXT),APHA
ITONXT) yEPHAT(NXT ) ESTATE(L) ESTATE(2) JESTATE(3),ESTATE(4),ESTATE(S
2)yESTATE(6) s ENXT,BETAR(NXT)

50 FCRMAT(OSX,'TIME ="y F10.4/5Xy*"RA =',F15.293Xy'AZ =',F10.643X,'EL ="
13Fl0e693Xs"RAP="3,F1l0e243Xy'AZP=",F1C. 643X, 'ELP="*",F1C.6/5X,*'X =7',F
2106293X%X9'Y  =',Fl0e213X9*L ='9F10.293Xy"XP =",F10.2+3X.'YP ='4,FIO0O
3.293X9'LP ="', F10.2/5Xy "HEIGHT =*5X,F15.2,2CX,'BETA="',5X,F10.2//)

© CCVMPUTE CIFFERENCES BETWEEN ESTIMATE AND MEASURED DATA POINT

581 CRINXT)I=RFATINXT)I-RGN(NXT)
CAINXT)=AFAT(NXT)-AIZN(NXT)
CE(NXT)=ERAT(NXT)-ELN(NXT)
CRP{INXT)=RPHEAT(NXT)}-RAPN(NXT)

25 TF(NN=NCATA)2742¢€,42¢€
26 KMAX=INGEX
GC TC 40
27 IF(INCEX-INMAX)ICCGC,28,28
28 KMAX=IVAX

WRITE CUTPLT

aNale!

40 WRITE(6,10)(LABEL(]1),I=1,18)

420 WRITE(6443)

43 FCRMATI(S5X,*MEASUREMENT DATA'//6X,*TIME"®,8X,"RANGE?,7X,'RADCT"*,17X,
1*AZIMY ,2CX,YELEV/Y)
WRITE(0244) (TIME(KK) RCENIKK) yRAPN(KK) s AIN(KK) yELN(KK) yKK=1,KMAX)

44 FCRMAT(3XsF1Ce3¢2X4F10e2¢2XsF1C0e2414X,F10.6414XyF10.6)
WRITE(6,1C) (LABEL(T)41=1418)
WRITE(6,460)

60 FCRMATI( 5Xy "ESTIVATED VALUES'//)
WRITE(6,41)
41 FCRMAT( 3Xp'TIME'y8Xy*"RANGE " ¢ 7X o "RACOT ' 7X, *AZIM® 48X, 'AZDOT* 47X

14'ELEV' ,8X, "ELDCT?,7Xy"HEIGHT',6X, 'BETA//)
WRITE(6,62) (TIME(J)yRHAT(J) RPHAT(J) ARAT(J) ,APHAT(J),EHAT(J),EPHA
1T(J) yHEIGHT(J) yBETAK(J) yJ=1,KMAX)

62 FCRMAT(3XyF104392XsF10.2y1X1F10.292X F10.692X4F10.642X,F10.6,2X,4F1
104692X9F10.242X4F1Ce2)
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TABLE B-II (Continued)

WRITE(64,10)(LABEL(I)yI=1+18)
WRITE(6460)
WRITE(64413)
WRITE(6,414)(TIME(D),XHAT(J) s YHAT(J) o ZRAT(J) 4 XPHAT(J), YPHAT(J) ZPH
1AT(J),EETAK(J) s ALPHA(J) ,J=1,KMAX)
414 FCRMAT(3X4F104392X9F104292XeF10e292X4F10.242X4F1042+2XyF10.242X4F1
1Ce292X4F10.242X4yF12.8)
WRITE(6410) (LABEL(I)yI=1,18)
WRITE(6463)
63 FORMAT(5X,*RESIDULALS=(ESTIMATED VALUES)-(NOISY DATA)'//)
WRITE(6,64)
64 FCRMAT(6X,"TIME? 88Xy 'RANGE?,7X, 'RADOT 417X, "AZIM?,20X,'ELEV'//)
WRITE(6444)(TIME(J),OR(J),ORP(J),DA(J),DE(J)4J=L,KMAX)
900 WRITE(6410)(LABEL(I)yI=1,18)
WRITE(6,901)
901 FCRMAT(5X,"'EXPLCTEC RMS ERRCRS'//)
WRITE(6,61)
61 FCRMAT(3X,*'TIME? 8X,"RANGE"y7X, "RADOT*y7X,y*AZIM',8X,y"AZDCT*,7X,'EL
1Ev?® ,8X, "ELCCT?,7X,'8ETA',8X,y TALPHA'//)
WRITE(6,902)(TIME(J)4SIGR(J),SIGRP(J),SIGA(J),SIGAP(J),SIGE(J),SIG
1EP(J) ySIGALP(J),J=L+KMAX)
902 FCRMAT(3X F1Ce392XyFl0e392XsF10a2:2XyFLl0c642XsF10.6,2X4F10.6,2X,F1
1C.6414X,F12.8)
WRITE(6,10) (LABEL(I),I=1,18)
WRITE(6,901)
WRITE(6,413)
413 FCRMAT(3X"TIME? 48Xy "Xy 11Xs"Y?411X,'2%,11X,*X00T",8X,°YDOT',8X,"Z
1CCT" 48X, "BETAY,8Xy "ALPFA'//)
WRITE(64903)(TIME(J),SIGX(J)SIGY(J)SIGZ(J)SIGXP(J),SIGYP(J),SIG
1ZP(J)»SIGALP(J)yJ=LsKMAX)
9C3 FCRMAT(3X4F1l0a342XsFl0.242XyF10.292XeF10.292XyF1l0a2+2X9F104242X4F1
1C.2,14X,F12.8)
L=1
IF(LAST)9000,1C0C,9C00
1000 CCANTINUE
1001 G6C TC 1
8C00 IF(AXT-1)900C,S0CC,8CC1
8C01 KMAX=AXT-1
LAST=1
GC TC 40
90C0 RETULRN
ENC
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TABLE B-III
SUBROUTINE TRAJGX

[aNaNaNel

[aNaNel [N aNel

[aNeNal el

SUBROUTINE TRAJGX(X1,Y1,Z1,XDOT1,YDOT1,Z00T1,8ETALl,TAU ,TSTEP,ERRM
1AX4X2,Y2+22,X00T2,Y00T2,200T2,8ETA2,PHIMAT)

IMPLICIT REAL*8(A-H,0-2)

REAL*8 TAU,TSTEP

REAL#*8 JyKyLyMyNyX1,yY1,21,X00T1,YDOTL,ZD0OT1,8ETAL,TINT,TINCR,yERRMA
1XyX2,Y2,22,XD072,YDOT2,2D0T2,8ETA2,PHIMAT

COMMON /FCOM/CUCRD,OLAT,PRNT/ICOM/KLAMP,MDATA,NN

DIMENSION XVCTR(743)y8VCTR(T93) ¢y XI(T9y3)yERR(Ty3)AMTRX(T7,7,3),ASQ(
17+47+3)9A8(743)sPHI(Ts743)yUNIT(T,7),ERRMAGIT) ERRMAX(T) PHIMATI(T,7
2)

CHECK THAT DATA INTERVAL,TAU, AND INTEGRATION STEP,TSTEP, HAVE
THE SAME SIGN

TPROD=TAU*TSTEP
IF{TPROD)1,2,2
1 TINCR=-TSTEP
WRITE(6,11)
11 FORMAT(/5X,'DATA INTERVAL,TAU, AND INTEGRATION STEP,TSTEP, HAD OP-
1POSITE SIGN.'/5X,"LATTER SIGN WAS CHANGED TO FORCE AGREEMENT'//)
GO 70 5
TINCR=TSTEP
TM=DA8S(TAU)
TSTM=DABS(TSTEP)
IF(TM-TSTM)3,4,4
3 TINCR=TAU
4 TINT=TAU

N

CHECK FOR IST OATA POINT
IF(NN -1)I100,100,89
SET UP CONSTANTS AND ARRAYS

100 PI=3.14159265
RTDEG=1.802/P1
CMEGA=T7.270-5
RLAT=DLAT/RTDEG
OMC=0MEGA*CCOS(RLAT)
CMS=0MEGA*DSIN(RLAT)
IF(COORD)1000, 1001, 1001

1000 RE=2.092573807/3.2808333
GM=1.407634880167/(3.2808333)#%%*3
GAMMA=1.00/7.D3
GO TO 1002

1001 RE=2.092573807
GM=1.40763488016
GAMMA=.304800/7.03

1002 DO 101 JJ=1,7
DO 101 KK=1,7

101 UNIT(JJyKK)=0.

CO 102 JJi=1,7
ERR(JJy1)=0.
ERR(JJ,2)=0.
ERR(JJ,3)=0.

102 UNIT(JJ,JJ)=1.

89 IF(TAU)103,90,103

CATA INTERVAL,TAU, = O.

SET QUTPUT STATE = INPUT STATE, TRANSITION MATRIX=IDENTITY MATRIX
90 X2=X1

Y2=Y1
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TABLE B-III (Continued)

[aNeaNeal

o000

[sEegNg]

[aXaNe]

22=171
X0072=XxD0OT1
YOGT2=YDOT1
20CT2=200T1
BETA2=BETAL
CO 91 JJ=1,7
DO 91 KK=1,7
91 PHIMAT(JJ,KK)=UNIT(JJyKK)
RETURN

SET INDICES

103 NPOINT=1
KOUNT=1
CT=TINCR
NEXT=2
NLAST=3
T=0.

KOELT=0
PHSKIP=0.
TSC=TINCR*#2

SET UP INITIAL STATE VECTOR ANO TRANSITION MATRIX

XVCTR(1,1}=X1
XVCTR(2,1)=Y1
XVCTR(3,1})=21
XVCTR(4,1)=XCOT1
XVCTR(5,1)=Y00T1
XVCTR(6,1)=200T1
XVCTR(7,1)=1./BETAL
CO 104 JJ=1,7
CO 104 KK=1,7
104 PHI(JJ,KK,1)}=UNIT(JJyKK)
300 CONTINUE

CALCULATE ORAG VELQOCITY AND HEIGHT

VO=0SQRT(XVCTR(4,NPOINT)*#2+XVCTR(S5yNPOINT) #%2+XVCTR(6,NPOINT) **2)
R=0DSQRT(XVCTR(1,NPOINT)#%2+XVCTR(2,NPOINT) **2+( XVCTR(3,NPOINT)+RE)
1#%2)

HT=R-RE

IF(HT)3001,3003,3003

NEGATIVE HEIGHT, APPARENT EARTH IMPACT, RETURN TO CALLING PROGRAM

3001 WRITE(6,3002)HT,Ty (XVCTRIJIJNPOINT)»JJ=1,7)
3002 FORMAT(/S5X,*HEIGHT=",F10.2,' ,AFTER ',F10.5,* SEC. OF INTEGRATION
1-- APPARENT EARTH IMPACT'/5X,*'STATE VECTOR='/7017.8/ 5X,*RETURNED
270 CALLING PROGRAM'///)
NEXT=NPOINT
GO TO 600
3003 HKMFT=HT/1.03
RHO=0.
CALL ATM(HKMFT,RHO)
ALPHA=XVCTR(7,NPCINT)

SET UP ECQUATIONS OF MOTION

A=-RHO*V0/2.D0
W=GM/R*%3
B=0MEGA**2-W
C=2.D0%0MS
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TABLE B-III (Continued)

OO0

[aNaNe]

[aNnNal

SO0

301

701

702
703

E=-2.D00%CMC

G=CMS**2-W

J==0MS*0OMC

K=J*RE

N=CMC**2-HW

C=N*RE
XPP=A*XVCTR{7yNPOINT)*XVCTR{4,NPOINT)+B8*XVCTR{1,NPOINT)+C*XVCTR(S5,
INPCINT)+E*XVCTR{6,NPOINT)
YPP=~C*XVCTR(4,NPOINT)+G*XVCTR(2yNPOINT)+A*XVCTR(T,NPOINT)*XVCTR(S
1 yNPOINT)+J*XVCTR(3yNPCINT)+K
ZPP=—E*XVCTR{4yNPOINT)+J*XVCTR{2,NPOINT)+N*XVCTR(3,NPOINT)+A*XVCTR
1{7,NPOINT)*XVCTR{64NPOINT)+Q

FILL IN STATE VECTOR MATRICES

BVCTR{1,NPCINT)=XVCTR{44yNPOINT)
BVCTR{2,NPCINT)=XVCTR{5,NPCINT)
BVCTR{34yNPOINT )=XVCTR{6,NPCINT)
BVCTR (4, NPCINT )=XPP
BVCTR({5,NPCINT )=YPP
BVCTR{6,NPCINT)=2PP
BVCTR(7,NPCINT)=0.

CALCULATE SYSTEM MATRIX A

Co 301 JJ=1,3

CO 301 KK=1,7
AMTRX(JJs KKy NPCINT)=0.
AMTRX(1,4,NPCINT)=1.
AMTRX{(2,5,NPCINT)=1.
AMTRX(3564NPCINT)=1.

CALCULATE DERIVATIVES COF COEFFICIENTS

CA=-A*GAMMA/R
CACX=DA*XVCTR{1,NPOINT)
CACY=DA*XVCTR(2,NPCOINT)
DADZ=DA*(XVCTR(34NPUINT)+RE)
IF(VD)701,702,701
CAP=A/VD*%*2

GO TO 703

CAP=A/1.D-4

CONTINUE
CADXP=CAP*XVCTR(4,NPOINT)
CADYP=0AP*XVCTR(5,NPCINT)
CADZP=DAP*XVCTR(64,NPOINT)
D8==3,D0*W/R**3
CBCX=DLB*XVCTR{1,NPCINT)
CBOY=DB*XVCTR(2,NPOINT)
CBDZ=DB*(XVCTR{3,NPOINT)+RE)
CGCX=DBDX

CGoY=08DY

CGCZ=D8OZ

CNCX=DBDX

CNCY=DBDY

CNCZ=D8DZ

CAUDX=RE*DBDX

CADY=RE*DBDY

CQCZ=RE*DBDZ

FOR CONSTANT BETA

CALFDX=0.
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ana

3010

302

303

304

305

306

DALFDY=0.
DALFDZ=0.

OALAOX=ALPHA*QADX+A*DALFOX

DALADY=ALPHA*DADY+A*DALFDY

DALADZ=ALPHA*0AOZ+A*DALFOZ

AMTRX (441 NPOINT)=8+XVCTR(1,NPOINT)*DBDX+XVCTR(4sNPOINT)*DALADX
AMTRX(4924sNPOINT)=XVCTR(1,NPOINT)*DBOY+XVCTR( 4, NPOINT) *CALADY
AMTRX (4 434NPOINT)=XVCTR(1,NPOINT)*DBDZ+XVCTR(4,NPOINT)*DALADZ
AMTRX (494, NPOINT)=ALPHA®(A+XVCTR(4,NPOINT)*DADXP)

AMTRX( 445 NPOINT)=XVCTR{4,NPOINT)*ALPHA*DADYP+C

AMTRX (4,69 NPOINT)=XVCTR(4yNPOINT)*ALPHA*0AQZP+E

AMTRX (49 7ToNPOINT)=A%XVCTR(4,NPOGINT)

AMTRX (S5, 1yNPOINT)=XVCTR(2yNPOINT) *0GOX+XVCTR(S5,NPOINT) *0ALADX
AMTRX( 592 ¢NPOINT)=G+XVCTR(2,NPOINT)*0GOY+XVCTR(S5,NPOINT)*0ALAQY
AMTRX(S5934NPOINT)=J+XVCTR(2,NPOINT)*DGDZ+XVCTR(S5,NPOINT)*DALADZ
AMTRX (594 NPOINT)=XVCTR{(S5,NPOINT)*ALPHA*DADXP-C
AMTRX(5,5yNPOINT)=ALPHA*(A+XVCTR(S5,NPOINT)*0ADYP)

AMTRX (S, 64 NPOINT)=XVCTR{5,NPOINT)*ALPHA*DADZP

AMTRX (5,7 ,NPOINT)=A*XVCTR(5,NPOINT)

AMTRX (651 yNPOINT)=DQDX4+XVCTR{3,NPOINT)*DNDX+XVCTR(6,NPOINT ) *DALADX
AMTRX (642 NPOINT)=J+DQOY+XVCTR(3,NPOINT)*DONDY+XVCTR(6,NPOINT ) *DALA
1C0Y

AMTRX (6493 4NPOINT)=N+XVCTR(3,NPOINT)*DNDZ+0QOZ+XVCTR(6yNPOINT)*0ALA
102

AMTRX (6,44 yNPOINT)=XVCTR{ 6yNPOINT)*ALPHA*QADXP-E

AMTRX( 6,5y NPOINT)=XVCTR(6,NPOINT)*ALPHA*QOACQYP

AMTRX (6969 NPOINT)=ALPHA*{ A+XVCTR(6,NPOINT)*0AQZP)

AMTRX (6, 79NPOINT )=A*XVCTR(64NPOINT)

AMTRX (741 NPCINT)=0ALFOX

AMTRX(7,+2,NPOINT)=0ALFDY

AMTRX(743,NPOINT)=0ALFOZ

CO 3010 JJ=4,7

AMTRX(7,JJ,NPOINT)=0.

0O 302 JJ=1,7

AB(JJoNPUINT)=0.

CO 302 LL=1,7
AB(JJyNPOINT)=AB(JJyNPOINT)+AMTRX{JJsLLyNPOINT)*BVCTR{LLyNPOGINT)
IF(PHSKIP)400,303,400

CALCULATE TRANSITION MATRIX

CO 304 JJ=1,7

CO 304 KK=1,7

ASC(JJyKKyNPCINT)=0.

D0 304 LL=1,7

ASC(JJ KKy NPCINT)=ASQUJJyKKyNPOINT)+AMTRX(JJoLL,NPOINT ) *AMTRX(LL,y
LKK¢NPGINT)

KPCINT=NLAST

CO 305 JJ=1,7

CO 305 KK=1,7
PHI(JJyKKyKPCINT)=UNIT(JJoKKI+TINCR¥AMTRX(JJ KKy NPOINT)+TSQ*ASQ(JJ
1, KKy NPOINT)/2.00

CO 306 JJ=1,7

CO 306 KK=1,7

PHI(JJoKKyNEXT)=0.

CO 306 LL=1,47

PHI (JJ2KKoNEXT)=PHI (JJoKKyNEXT)+PHI(JJyLL 4KPOINT)*PHI (LL yKK,NPOINT
1)

INTEGRATE OVER INTERVAL TINCR

IF(KOELT#*KOUNT)320,320,330
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320 CO 321 JJ=1,7
321 XI(JJINEXT)=XVLTR(JJNPOINT)+TINCR*BVCTR(JJIyNPOINT)+TSQ*AB(JJ,NPOI
INT)/2.00
GO TO 350
330 DO 331 JJ=1,7
331 XI(JJIGNEXT)=XVCTRUJJIyNLAST) +2.00*TINCR*BVCTR(JJIsNLAST) +2.00/3.00¢T
1SQ*(AB(JJyNLAST) +2.D00%AB(JJ,NPOINT))
350 NPT=NPOINT
NPCINT=NEXT
€O 351 JJ=1,7
351 XVCTR{JJIWNPOINT)I=XI(JJ,NEXT)
PHSKIP=1.
GO TO 300
400 CO 4000 JJ=1,417
XVCTRUJJ o NEXT)=XVCTRUJJIsNPT) +.500%TINCR*(BVCTR(JJyNPT)+BVCTR(JJ,NP
10INT) )+TSQ*(AB(JJNPT)-AB(JJINEXT))/1.201
ERR{JJSNEXT)=XT{JJyNEXT)-XVCTR(JJ 4 NEXT)
ERRMAG(JJ)=0ABS(ERR(JJIINEXT))
4000 CCNTINUE

C TEST INTEGRATIGON CONVERGENCE ERRORS

CO 401 JJ=1,7
IF{ERRMAG(JJI-ERRMAX(JJ))401,500,500
401 CONTINUE
T=T+TINCR
TREM=TAU-T
IF{TREM)4010,4600,44010
4010 TREMAG=CABS(TREM)
IF(TREMAG-TSTM)4C5,4402,44C2
405 TINCR=TREM
TSC=TINCR*=2
KOUNT=0

UPCATE SUBSCRIPTS

aNaNal

402 NEXT=MCOD(NEXT,3)+1
NLAST=NPT
KDELT=KDELT+1
PHSKIP=0.

CO TU 300

CONVERGENCC ERRORS TOO LARGE -— PERFORM ITERATICN

ooC

500 CG 501 KK=1,7

501 XI{KKyNEXT)=XVCTR{KK4NEXT)
PHSKIP=1.
GC TO 300

SET UP OUTPUT STATE VECTOR AND TRANSITION MATRIX

€D (60 16D

600 X2=XVCTR(1,NEXT)
Y2=XVCTR(2,NEXT)
22=XVCTR(3,NEXT)
XDLT2=XVCTR(44NEXT)
YOCT2=XVCTR{S5,NEXT)
ZCCT2=XVCTR{6,NEXT)
BETA2=1./XVCTR(T,NEXT)
CC 601 JJ=1,7
€0 601 KK=1,7

601 PHIMAT(JJ,KK)I=PHI(JJIsKKyNEXT)
RETURN
ENC
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TABLE B-1V
SUBROUTINE ESTMAT (VERSION I)

[aNaNal

(aNaXe!l

aNaNaNe]

SUBROUTINE ESTMAT(STATEM,STATEP,PHIMTX,ESTATE,DEVX,DEVR)
SUBRCOUTINE ESTMAT USING EQUATIONS IN MOWERY ARTICLE

IMPLICIT REAL*8(A-H,0-2)
REAL*8 3TATEM,STATEP,PHIMTX,ESTATE
CCMMCN /ACCM/CCVAR(T7)4SIGMA(T7)/FCOM/COCRD+DLATPRNT/ICCM/KLAMP,MDA
I1TA,MN
CIMENSION PHIMTX(7,7)sCUMMY(7,7), W(T4T7)4DX(T7)4STATEPI(T?)
CIMENSIGN STATEM(T7),ESTATE(T) H{T,7)3R(T747),S(7,7+2)
CIMENSIUN CEVX(7),CEVR(7)
CIFENSION CUTT(T747)sSR(T3792)4PHIT(T,7),UNIT(T7,7)
CIMENSION HT(747),RSTATE(T7),MVL(T7),MV2(7),ARRAY(49)
NZERC=0
CCCRDM=DABS(COGRL)

TEST FCR 1ST TIME THROUGH
IF(NN-1)1,1,100

1ST TIME THRCUGH - INITIALIZE ARRAYS AND MATRICES
SET UP APRICRI CCVARIANCE MATRIX

1 NSTART=1
IF(MDATA)2,2C0,3
2 MD==MDATA
GC TC 4
3 MD=MDATA
4 MPL=MC+]
LMAX=MC**2
NK=1
NKNM1=2
CC 7 JU=1,7
CC 7 K=1,7
UNIT(J,K)=C.
W(JyK)=0.
Cx(J)=0.
F(JyK)=0.
5 RUJyK)=0.
SR(JyK,1)=0.
7 S(JsK,1)=0.
CC 6 J=1,MC
F(JyJd)=1a
6 R(JyJ)I=SIGNA(J)%22
88 CC 8 J=1,7
8 UNIT(JyJ)=1.
IF(CCCROM-1.)9C,490,80
90 CC 91 J=1,7
91 S(JyJy1)=CCVAR(J) %22
GC TC 1302
80 CC 81 J=1,7
B8l SK{JyJy1)=CCVAR(J)2%2
IF(PRNT)10,9,9
9 WRITE(6,11BO)((SRUJyKyNK)yK=147),J=1,7)
1180 FCRMAT(/5X,*APRICRI COVARIANCE MATRIX IN RADAR COORCINATES*/(7D17.
18))
10 CC 1181 J=1,7
CC 1181 K=1,7
1181 EUTT(J4KI=SR{J,K4NK)
CALL RCCVIX(CUTT,ESTATE,CUMMY)
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TABLE B-IV (Continued)

CC 1182 J=1,7
CC 1182 K=1,7
1182 S(J,K,NK)=CUVMMY (J,K)

GC TC 1302
C
C UPCATE INCICES NK,NKM1
C
100 IF(NK-1)1,102,103
102 NK=2
NKM1=1
GC TC 104
103 NK=1
NKM1=2
C
C COMPUTE CCVARIANCE MATRIX S(K,.K-1) IN XYZ CCCRDINATES
d
104 CC 105 J=1,7
CC 105 K=1,7
PRIT(JyK)=PHIMTX(K,J)
105 CUMMY(J,K)=S(J,KyNKM1)
CALL OMTNMUL(CUMMY,,PEIT,,0UT7474747)
CALL CMTMUL(PEIMTX CUTTWLUMMY,,T7y7,7)
NSTART=C
CC 106 J=1,17
CC 106 K=1,7
106 S(JyKyNKNM1)=CUFMY(J,K)
IF(PRNT)1060,1C6C,1C58
C
C PRINT CUT TRANSITICN MATKIX
C PRINT (UT CCVARIANCE MATRIX S(K,K-1) UF PRECICTED STATE
C

1058 WRITE(6,30C) ((PHIMTX(J,K)yK=1,7),J=1,7)

300 FCRMAT(/SX,'TRANSITICN MATRIX USED IN ESTIMATION'/(7017.8))
WRITE(6,1059)

1059 FCRMAT(/5X,'COVARIANCE MATRICES S(K,K-1)")
WRITE (641183)((S{JyKsNKM1),yK=1,7),J=1,7)

CALCULATE HYERIC CUVARIANCE MATRIX CF PREDICTED STATE

[aNeNa!

CALL XCCVTR(LUMMY,STATEP,OUT7,7)

CC 2016 J=1417

CC 2015 K=1,7
2015 H(J,K)=CUTT(J,K)/CSCRT(DUTT7(I,J)%DUTT(K,K))
2016 K(JyJ)=LSQRT(LLIT(J,I))

C
C PRINT CUT FYERIC CLVARIANCE MATRIX CF PREDICTED STATE
C
WRITE(E,13CLIC(HIJ,K),K=19T7)9J=1,7)
C
G CCMPUTE WEIGHTING MATRIX W
C

1060 CALL XCCVTR(CUMMY,STATEP,H,-1)
CC 10t J=1,7
LC 107 K=1,7

107 FT(JyK)=h(K,J)
CALL CMTNUL(CUNMY,kT,CUTT,7,7,MD)
CALL CMTNMUL(F,CUT7,CUNMMY ML, T,4MD)
CC 108 J4=1,MC
LC 108 K=1,VMC

108 CUTT(J,K)=CUMMY (I K)+R(J,K)
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CC 109 J=MP1l,7
CC 109 K=NMP1l,7
109 CU77(JyK)=0.

CC 1090 J=1,MC
CC 1090 K=1,NMC
L=NMC*(J-1)+K

1090 ARRAY(L)I=CUT77(J,K)
CALL MINV(ARRAY,MC,CETERMyMV1,4MV2)
CC 1091 L=1,LMAX
J=(L-1)/MC+1
K=L-MC*(J-1)

1091 CU77(J,K)=ARRAYI(L)
CALL CMTMULI(FT,DLT77,0UMMY,7,M0C4MD)
CC 110 J=1,7
CC 110 K=1,7

110 CUTT7(J,K)=S51JsKyNKNM])
CALL CMTNMUL(CU?T7,CUMMY W, T,74MD)
IF(PRNT)1102,1102,2219

PRINT CUT PARTIAL CLRIVATIVE MATRIX H=CR/DX, AND WEIGHTING MATRIX
EVALUATEC AT PRECICTED STATE

aNeleXal

2219 WRITE(64,2220) 0 (RHIJ,K)K=1,27)9d=1,7)

2220 FCRMAT(/5X,'F MATRIX (CR/DX) EVALUATED AT PREDICTED STATE'/(7D17.8
1)

1101 WRITE(6,11LI)CIWIJI KK yKK=1yT7)9dJd=1,7)

1111 FCRMAT(/S5X,'WEIGHFTING MATRIX W'/(7C17.8))

C
C CALCULATE CCVARIANCE MATRI1IX S(K) OF ESTIMATED STATE
C

1102 CALL CMTMUL(W,FyCUNMMY,,7,MUy7)
CC 117 J=1,17
CC 117 K=1,7
117 CUMMY(J,K)=UNIT(J,K)I=DUMNMY (J,K)
CC 118 J=1,7
£C 11le k=1,7
S (JyKenK)=C.
CC 1186 L=1,7
118 S (JpKyNK)I=S (JsKyNK)+CUMMY(J4L)%S (L+KyNKM])
IF(NMCATA)ICSE,2CCHh1112
1056 CC 1057 J=1,7
1C57 ESTATE(J)I=STATEP(J)
CC 1C 10cCo

C
C CCMPUTE NEW ESTIMATE CF STATE VECTOR
C

1112 CALL XYTCROSTATEP(1),STATEP(2),STATEP(2),STATEP(4),STATEP(5),STATE
IP(E) 4 RSTATE(T) yRSTATE(2),RSTATL(3),RSTATE(4),RSTATE(S5),RSTATE(6))
RSTATE(?7)=STATEP(7)
CC 113 K=1,MC
113 CX(K)=STATEM(K)-RSTATE(K)
[FIPRANT)1132,1132,1130
1130 wWRITE(G,1131)(CX(J)yd=1,7)
1131 FCRMAT(/YSX,'Y=F(X)="4101T7.8)
1132 CC 114 J=1,7
CUMMY(Jy1)=0.
CC 114 K=1,VC
114 CUMMY(Jyl)=CUMNMY(J,1)+h(JyK)IXECX(K)
CC 11 K=1,7
115 ESTATE(K)=STATEP(K)+CUMMY(K,1)
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[aEaNel

aONoO

[pNaNgl

1

oo

1000

1190

1290
1291
1292

1294

1298
1299

1297
1300

1399

1400

1401
1150
1001
1179

1183

3001
1301

1302
119
1191

1192

1193

CALCULATE HYBRILC COVARIANCE MATRIX OF ESTIMATED STATE

CC 1190 J=1,7

CC 1190 K=1,7

CUMMY({JyK)=S{JyKyNK)

CALL XCOVTR(DUMMY,ESTATE,DU77,47)

CC 1300 J=1,7

CC 1297 K=1,7

IF(CU77(J,J))1291,1291,1290

IF(CUTT(K,K))1291+1291,1294

WRITE(641292)

FORMAT (/5X,y ' #**NEGATIVE DIAGONAL TERMS OF COVARIANCE MATRIX IN RAD
1AR PCLAR CCCRODINATES*#*%*?/8X, *DISREGARD HYBRID MATRIX PRINTED BELOW
277

PRAT=1.

GC TC 1399

CCNTINUE

CUMMY (JsK)=DUT77(JyK)/DSQRTIDUTT(JyJ)*DUTTI(K,K))

CCRR=DABS({CUMMY(J,K))

IF(CORR-1.00001)1297,1297,1298

WRITE(6+1299)

FORMAT(//7/5X,y* #%%%x% CORRELATION COEFFICIENT EXCEEDS 1. **%%%%1//)

PRAT=1.

CCANTINUE

CUMMY (J,J)=CSCRT(CUTT(J,J))

STCRE CIAGCNAL ELEMENTS CF COVARIANCE MATRICES

CC 1400 J=1,7
CEVR{J)=CUMMY(J,J)
CEVX({J)=CSQRT(S(JyJ,NK))
IF(PRNT)1302,1401,1401

PRINT CUT STATE ESTIMATE ANC COVARIANCE MATRICES

WRITE(641150) (ESTATE(J)9J=1,7)

FCRMAT(//5X,*ESTATE = ESIMATE OF STATE VECTOR'/7D17.8)
WRITE(641179)

FCRMAT(/S5X, "FINAL ESTIMATE OF COVARIANCE MATRICES?®)
WRITE(6y1183)((S{JsKyNK)yK=197)9d=1,7)

FCRMAT(//5X,*CCVARIANCE MATRIX IN XYZ COORDINATES'/(7D17.8))
WRITE(6491301) ((DUMMY(JyK)9K=19T7)9Jd=1+7)

FCRNMAT(/5X,*FYBRIC MATRIX IN RADAR COORDINATES'/SX, DIAGCNAL TERMS
1 ARE STANCARC CEVIATIONS, OFF-DIAGONAL TERMS ARE CORRELATION CCEFF
2ICIENTS*/(7D17.8))

TEST FCR MEMCRY CLAMPING

IF(KLAMP)1CS55,1055,119
IF(NN-KLAMP)1055,1191,1191

CC 1192 J=1,7

CC 1192 K=1,7

L=7*(J-1)+K

ARRAY(L)=S{J,K,NK)

CALL MINV(ARRAY,7,CETyMV14MV2)
IF(NN-KLAMP)1055,1193,1194
CELAST=DET

GC TC 1055
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1194

1195
1055
1200
200
201

SCALE COVARJIANCE MATRIX

SCALE=(DELAST/DET)*%.142857143

Lo 1195 J=1,7

CO 1195 K=1,7

SUJsKyNK)=SCALE*S(J,KyNK)

IF(NSTART)100,1200,100

RETURN

WRITE (6,201)

FORMAT(///**%%%%% MDATA=0, THIS SUBROUTINE SHOULD NOT HAVE BEEN CA

LLLED **%%%////)

RETURN
END
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TABLE B-V
SUBROUTINE ESTMAT (VERSION II)

OO0 o

[sNaNal

sNeNeNal

61

SUBROUTINE ESTMAT(STATEM,STATEP,PHIMTX,ESTATE,DEVX,DEVR)

THIS VERSICN OF ESTMAT INVERTS 7X7 COVARIANCE MATRICES
IN THE CCURSE OF CALCULATIONS

IMPLICIT REAL*8{A-H,0-2)
REAL*8 STATEM,STATEP,PHIMTX,ESTATE
COMMCN /ACCM/CCVAR(7),SIGMA(7)/FCOM/COORD,DLAT,PRNT/ICCM/KLAMP,MDA
1TA,NN
CIMENSICN PHIMTX{7+7)4CUMMY(T7,7),DUM(T7,7) +W{7,7),0X(7)+STATEP(T)
CIMENSICN STATEM(T)ESTATE(T7)yH{ Ty T)oR{T47)4S(T9742)RSTATE(T)
CIMENSICN RINV(T47),SI(T7,7,2)yHT(7,7)yHBACK(7,7),HTBACK{T7,7)
CIMENSION CUTT(T7,7),MVI(T)4sMV2(T7),ARRAY(49) ,SR{T47+2)+PHIT(74+7)
CIMENSICN CEVX(7),CEVR(T)
NZERC=0
CCCRCM=DABS (COCRC)

TEST FCR 1ST TIME THRUUGH
IF(NN~-1)1,1,100

1ST TIME THRCUGH — INITIALIZE ARRAYS AND MATRICES
SET UP APRICRI CCVARIANCE MATRIX

NSTART=1

IF(MDATA)2,500,3
MD=—-MDATA

GC TC 4

MD=MDATA

MPI=MD+1

NK=1

NKM1=2

CC 7 J=1,7

CX(J)=0.

CC 7 K=1,7

CUMMY (JyK)}=0.
CU77(J,K)=0.

W(JyK)=0.

F(JyK)=0.

HBACK{(J4K)=0.
HTBACK{J,K)=0.

R{J,K)=0.

SR(J1K11)=Oo

RINV(JyK)}=0.

SI(JyKy11)=0.

SI(JsKs2)=0.

S{JyKys1)=0.

CC 6 J=1,MC
RINV(JsJd)=1e/SIGMALI )Y %%2
R{JsyJ)=SIGNA(J}%%2
IF(CCCRUM-1.111,11,6€1

CC B J=1,7
CUMMY(J,yJ)=1./COVAR(J ) *%2
SR{JsJds1)=CCVAR(J) %22
CALL XCOVTR{LUMMY,ESTATE,Hy-1)
CC 9 J=1.7

CC 9 K=1,7

FT(J,K)=F(K'J)

CALL CMTMUL(FT CUNMMY CUTT4T7,747)
CALL CMTMUL(CUTT7,H,CUMMY,7,7,7)
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[aNeNal

oo

[aNale

10

1001

1180

11

12

13

14

100
102

103

104

105
200

106

2001

2002

201

2030

203

CC 10 J=1,7

CC 10 K=1,7

SI(JyKy1)=CUMMY (J4K)
IF(PRNT)1000,1001,1001

WRITE(G+1180) LISRIJ9yKyNK)yK=19T7)9Jd=1,7)
FECRMAT(//5Xy"CCVARIANCE MATRIX IN RADAR COORDINATES'/(7D17.8))
WRITE(642011)( (DUMMY(J 4K )yK=13T7)yd=1,7)
GC TC 1000

CC 12 J=1,7

S(JyJsl)=CCVAR(J)**2
SItJedel)=1./SUdedyl)
CUTT(J+J)=S0Jdydy1)

IF(PRNT)1000,12,13

CALL XCCVTRI(CU77+ESTATE,CUMMY,7)

CC 14 J=1,7

CC 14 K=1,7

SR{JyKy1)=CUMMY(J,K)

WRITE(691180) ((SRIJyKeRK)yK=19T7)9J=1,47)
WRITE(692011)LISTUJyKyNK)9K=197)9d=1y7)
GC TC 1000

UPCATE INCICES NK,NKM1

IF(NK-1)1,102,103
NK=2

ANKM1=1

GC TC 104

ANK=1

NKM1=2

NSTART=0

IF(PRNT) 106,105,105

PRINT CUT TRANSITICN MATRIX

WRITE(6,200) L (PHIMTX{JsK)yK=1497)9J=1,7)
FCRMAT(/5X,y *TRANSITICN MATRIX USED IN ESTIMATION'/(7D17.8))

CCMPUTE INVERSE CCVARIANCE MATRIX SI(K,K-1) IN XYZ COORDINATES

CC 2001 J=1,7

LC 2001 K=1,7

L=7%(J-1)+K

ARRAY(L)I=SPRIMTX(JsK)

CALL MINV(ARRAY,7,CETERM,MV1,MV2)
CC 2002 L=1,49

J=(L-1)1/77+1

K=L=7%(J-1)

PHIMTX(JsK)=ARRAY (L)

CC 201 J=1,7

CC 201 K=1,7
PHIT(J,K)I=PHIMTX(K,J)

CUMMY (JyK)=ST{JyKyNKML)

CALL CMTNMUL(CUNMMY PHIMTXyDUTT4y74747)
CALL CMTMUL(PHIT,CUTT,CUMMY 74 747)
CALL XCOVTR(RINV,STATEP4ky=1)

CC 203 J=1,7

CC 203 K=1,7

HT(JyK)=H(K,J)

CALL OMTMULIETyRINV Wy 74757)
IF(PRNT)2039,2C3G6,2C10
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aNaNel

2010

202

2003

2004

2015
2016

[aNaNsEaNalaNaNaN el

1059

2011

2220
2221

c

c

c
2039

204
2050

2005

2006

CALCULATE HYBRID COUVARIANCE MATRIX OF PREDICTED STATE

CO 202 J=1,7

CC 202 K=1,7

CUT7(JyK)=DUMMY(J,K)

CO 2003 J=1,7

CO 2003 K=1,7

L=7#(J-1)+K

ARRAY(L)}=DUTT7(J,K)

CALL MINV(ARRAY,7,CETERM,MV1,MV2)
CC 2004 L=1,49

J=(L-1)1/7+1

K=L-7%(J-1)

CU77  {JyK)=ARRAY(L)

CALL XCOVTR{CU77,STATEP,HBACK,7)
CC 2016 J=1,7

CO 2015 K=1,7
HTBACK(JsK)=FBACK(J,K)/DSQRT(HBACK (JyJ ) *HBACK (K,4K))
FTBACK(JsJ)=CSCRT(HBACK(J,yJ))

PRINT CUT COVARIANCE MATRIX S{KyK-1) OF PREDICTED STATE
ANC ITS INVERSE

PRINT CUT HYBRILC COVARIANCE MATRIX OF PREDICTED STATE

PRINT CUT PARTIAL DERIVATIVE MATRIX H=DR/DX, AND HTRANS®*CINV MATRX
EVALUATEC AT PRECICTED STATE

WRITE (6,1059)

FORMAT(/5X,'COVARIANCE MATRICES S{K,K-1)")
WRITE(692011) L (DUMMY{JyK)yK=19T7)yJ=1y7)

FORMAT(/5X, " INVERSE MATRIX IN XYZ COORCINATES'/(7D17.8))
WRITE(6,1183)({DUTT{UyK)yK=1y3T7)yJ=1,7)
WRITE(651301){{HTBACK{JsK)yK=14T7)}yJ=1,7)
WRITE(642220)((H{JyK)yK=19T)yJ=1,7)
WRITE(642221 ) {W{JsK)YyK=1,3T)yJ=1,7)

FORMAT{/5X,'H MATRIX (CR/DX) EVALUATED AT PREDICTED STATE'/(7D17.8

1))

FCRMAT(/5X,'W MATRIX = HTRANSP*QRINV*/{(7D17.8))
CALCULATE COVARIANCE MATRIX S(K) OF ESTIMATED STATE

CALL OMTMUL(WyE4sCUTT437497,7)

CC 204 J=1,7

CC 204 K=1,7

CUMMY (U, K)=CUMMY (J,yK)+DUTT7{J,K)
SI{JyKyNK)=DUMMY {J,K)

CC 2005 J=1,7

CC 2005 K=1,7

L=T%(J-1)+K
ARRAY(L)=CUMMY(J,K)

CALL MINV{ARRAY,7,0ETyMV1,MV2)
CC 2006 L=1,49

J=(L-1)/7+1

K=L-7%(J-1)

S{JsKyNK)=ARRAY (L)

CUMMY (J,K)=ARRAY(L)

CALL DMTMUL{(CUMMYysWyDUMy747,7)
IF{MCATA)1056,50C ,1058
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1056
1057
C
C
C

1058

1130
1131
1132
2061

208

[aNaleal

1148

1800

1290
1291
1292

1294

1298
1299

1297
1300

[aNaNel

1399

1400

[aNeNe]

1149
1152

1150

1151

CC 1057 J=1,7
ESTATE(J)=STATEP(J)

GC TC 1148

COMPUTE ESTIMATE OF STATE VECTOR

CALL XYTCR{STATEP{1),STATEP{2),STATEP(3),STATEP{4),STATEP(5),STATE

1P{6),RSTATE(1) RSTATE(2),RSTATE(3),RSTATE(4) RSTATE(S5),RSTATE(6]})

RSTATE(7)=STATEP(T7)

CC 113 K=1,MC
CX{K)=STATEM{K)-RSTATE(K)
[F(PRANT)1132,1132,1130
WRITE(G,1131)(CX(J)yd=1yT7)
FCRMAT(5X,'Y-H(X)=*,7C17.8)
CC 2061 J=1,7

Cu77(J,1)=C.

CC 20¢l L=1,MC
CUT7(Jy1)=CUTT(J,1)+0UM(J,L)*DX(L)
CC 208 J=1,7
ESTATE(J)=STATEP(J)+CUTT(J, 1)

CALCULATE FYBRIC COVARIANCE MATRIX OF ESTIMATED STATE

CC 180C J=1,7

CC 180C K=1,7

CUMMY{J,K)=S{J,K,NK)

CALL XCOVTR{CUMMY,ESTATE,CUTT,7)

CC 1300 J=1,7

CC 1297 K=1,17

IF(CU77(J,J))1291,1291,1290

IF{CUTT(K,K))1291,1291,1294

WRITE(6,1292)

FCRMAT (15X, " #%*NEGATIVE CLIAGONAL TERMS OF COVARIANCE MATRIX IN RAD

1AR PCLAR CCCRUOINATES*%%'/8X,'DISREGARD HYBRIC MATRIX PRINTED BELOW
2'/7)

FRAT=1.

GC TC 1399

CCANTINUE

CUMMY (JyK)=CUTT(J4K)/CSGRTICUTT{J+II*DLTT(K,K))
CCRR=LCABS(CUNMMY(J,yK))
[F(CCRR-1.00C01)1¢97,1297,1298

WRITE(6,12%9)

FCRMAT(///75X, * %%%%%CORRELATION COEFFICIENT EXCEEDS 1. *%%%%°///)
FRANT=1.

CCNTINULE

CUMNMY (J,J)=CSQRT(LUTT(JyJ))

STCRC LIAGCNAL ELEMENTS CF COVARIANCE MATRICES

CC 1400 J=1,7
CEVR(J)=CUMMY (J,yJ)
CEVX{J)=CLSCRT(S{J,JyNK))
IF{PRNT)1302,1149,1149

FRINT CUT STATE ESTIMATE ANC COVARIANCE MATRICES

WRITE(6,1152) ((CLM{JsK)yKk=1,7),4J=1,7)
FCRMAT(/5X,"WEIGFTING MATRIX S(K)*wW '/{(7D17.8))
WRITE(&,1151) (ESTATE(J)yd=1,yT7)

FCRMAT(//5X,"ESTATE = ESIMATE GF STATE VECTCR'/7D17.8)

69




TABLE B-V (Continued)

[aNalel

C
c
c

WRITE(6,1179)

1179 FCRMAT(/SX,"FINAL ESTIMATE OF COVARIANCE MATRICES?)
WRITE(6,1183)((SII KaNK)4K=1,7)yJd=1,T7)
WRITE(642011)((ST(J,KyNK) K=1,7),Jd=1,7)

1183 FORMAT(//5X,"CCVARIANCE MATRIX IN XYZ COORDINATES'/(7D17.8))
WRITE(6,4,1184) CET

1184 FCRMAT(/SX,'CETERMINANT=?,017.8//)
WRITE(6,13C1)((CUMMY (JyK)4K=1,7)yd=1,7)

1301  FCRMAT(/5X, *HYBRIC MATRIX IN RADAR COORDINATES'/5X,'CIAGONAL TERMS
1 ARE STANDARC CEVIATIONS, OFF-DIAGONAL TERMS ARE CORRELATICN COEFF
2ICIENTS*/(7017.8))

TEST FCR MEMCRY CLAMPING

1302 IF(KLAMFP)1055,1055,119
119 IF(NN-KLAMP)1055,1193,1194
1193 CELAST=DET

CC TC 1055

SCALE CCVARIANCE MATRIX

1194 SCALE=(DELAST/CET)#%.142857143
EC 1195 J=147
CC 1195 K=1,7
1195 SI(JyKyNK)=SCALE*SI(JsK,yNK)
1000 CCNTINUE
1055 IF(NSTART)100,1200,100
1200 RETLURN
500 WRITE (6,501)
501 FCRMAT(//5X,*%%% MCATA =C, THIS SUBROUTINE SHOULD NCT HAVE BEEN CA
ILLEC *%*%'///7)
RETURN
ENC
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TABLE B-VI
SUBROUTINE DENS

leNeaNal

aoon

SUBRCUTINE CENS

COMMCN /FCCM/CCORC,CLAT,PRNT

REAL*8 HKMFT,RHC,CUCRC,DLAT,PRNT

CIVMENSICN FTKM(1COU),RHCM(100)HTKFT(10C),RHCE(1CO)

SET UP ALTITUCE ARRAY FTKM, IN KILCMETERS

CC 3 -I=1,51
FTKM(1)=2.0%FLCAT(I-1)

CCNTINUE

CC 4 J=1,10
HFTKM(J+51)=110.0+FLCAT(J-1)*10.0
CCNTINUE

SET UP ATMCSPHERIC CENSITY ARRAY RHCM, IN KG/METER#*%*3

RHCM(1)=1.2250
RHCM(Z2)=1.0066
RHCM(3)=8.1935t~1
RHCM(4)=6.6011E-1
RHCM(5)=5.25T9E-1
RHCM(6)=4.1351E~1
RACM(T7)=3.11G4E-1
RECM(8)=2.2786L-1
RRCM(9)=1.606417E-1
RECM(10)=1.2165E-1
RECM(11)=8.891CE-2
RRCM(12)=6.451CE~2
RRCM(13)=4,.6938E-2
RHCM(14)=3.4257E-2
RHCM(15)=2.50T76E-2
RECM(1€)=1.841CE~2
RHCM(17)1=1.3555k-¢
RHCM(18)=9,.8E74E-3
RHCM(19)=7.2579E-3
RRCM(20)=5.3¢66F-3
RECM(21)=3.9957L-3
RHCM(22)=2.9948E-3
RRCM(23)=2.25859E~3
RRCV(cza)=1.71410~3
RECM(29)=1.3167t-3
RHCM(2)=1.0264%9E-3
RELM(2T7T)=8B.0C97E-4
RECMI2E)=6.3137E~4
RHCM(29)=4.910620~4
RECM{30)=3.9C8¢L~-4
RECVM(31)=3.0592E-¢4
RECM(32)=2.3531E-4
RRLM(33)=1.8837E~4
RECM(34)=1.4T7130~4
RHCM(35)=1.1295E-4
RHCM(36)=8.7535E-9
RHCMI37)=6.6593E-5
RECM({36)1=5.0151t-5
RRCM(39)=3.736E-5
RECM(4C)=2.750L-5
RECM{4T)=1.955E-5
RHCVM(4,)=1.3828-5
RRCM(43)=9.5€63k-¢€
RECM(44)=6.61T7L-€
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OonNo

OonNno

RHCM(45)=4.579E-6
RHCM{46)=3.170E-6
RHCM(47)=2.137E-6
RHCM(48)=1.459E-6
RHCM(49)=1.008E-6
RHCM{50)=7.044E-7
RHCM(51)=4.974E-7
RHCM(52)=9.829E-8
RHCM{53)=2.436E-8
RHCM(54)=7.589E-9
RHCM(55)=3.394E~9
RHCM(56)=1.836E~-9
RHCM(57)=1.159E-9
RHCM(58)=8.036E-10
RHCM(59)=5.858E-10
RHCM(60)=4.347E-10
RHCM(61)=3.318E-10

SET UP ALTITUDE ARRAY kTKFT, IN KFT

CC 5 I=1,51
HTKFT(I)=6.0*%FLOAT(I~1)

CCNTINUE

£o 6 J=1,10
ETKFT(J+51)=330.0+FLCAT(J-1)%*30.0
CCNTINUE

SET UF ATMCSPHERIC CENSITY ARRAY,RHCE, IN LBS/FT%%*3

RHCE!1)=7.6474E-2

RHCE(2)=6.3925E-2

RHCE(3)=5.3022E-2

RHCE(4)=4.3606E-2

RHCE(5)=3.5531E=-2

RHCE(6)=2.865TE-2

RHCE(7)=2.2853E-2

RHCE(8)=1.7170t-2

RHCE(9)=1.2884E-2

RHCE(10)=9.6701E-3
RHCE(11)=7.2589E-3
RHCE(12)=5.4485E-3
RHCE(13)=4.0624E-3
RHCE(14)=3.0368E-3
RHCE(15)=2.2759E-3
RHCE(16)=1.7100E~3
RHCE(17)=1.2879E-3
RHCE(18)=9.7241t-4
RHCE(19)=7.3188E-4
RHCE(20)=5.4944E-4
RHCE(21)=4.5106E-4
RHCE(22)=3.1543E-4
RHCE(23)=2.411CE-4
RHCE(24)=1.8530E~4
RHCE(25)=1.4317E-4
RHCE(26)=1.111GE-4
RHCE(27)=8.6943E-5
RHCE(28)=6.9261E-5
RHCE(29)=5.5183E-5
RHCE(30)=4.4159E-5
RHCE(31)=3.5578E~5
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RHCE(32)=2.8583E-5
RHCE(33)=2.2898E-5
RHCE(34)=1.8289E-5
RHCE(35)=1.4627E~5
RHCE(36)=1.1748E-5
RHCE(37)=9.3752E-6
RHCE(38)=7.4307E-6
RHCE(39)=5.8469E-6
RHCE(40)=4.5€653E-6
RHCE(41)=3.5353E-6
RHCE(42)=2.714L-6
RHCE(43)=2.0€63E-¢
RHCE(44)=1.553E-6
RHCE(45)=1.145E~6
RHCE(46)=8.172E=7
RHCE(47)=5.835E-7
RHCE(48)=4.1€6E-1
RHCE(49)=2.976E-7
RHCE(50)=2.126E-7
RHCE(S1)=1.488k-7
RHCE(52)=2.796E-8
RHCE(53)=6.385E~9
RHCE(54)=1.743E-9
RHCE(55%)=5.751E~1C
RHCE(56)=2.600t-1C
RHCE(57)=1.415E-1C
RHCE(58)=8.845L-11
RHCE(59}=6.050E~11
RHCE(cU)=4.448E-11
RHCE(€1)=3.350k-11
RETULRN

ENTRY ATM{BKMFT,REC)

REC=0.0

IF(FK¥FT)I12,10C,1C0
100 IF{CCCRL)1,2,2

CATA IN METRIC UNITS

(= R

1 IF{HKMFT-1.D2)11,411,15
11 L=HKMFT/2.D00+1.D0
12 A= (HKMFT-HTKM(L))/(HTKM{L+1)-HTKM{L))
14 RHO=RHOM (L) *{RHOM{L +1)/RHOM(L ) ) **A
RETURN
15 IF(HKMFT-2.D2)17,18¢16
17 L=51.000001¢(HKMFT-1.02)/1.01
GO TO 12
18 RHO=RHOM(61)
RETURN

DATA IN ENGLISH UNITS

(aNaNal

2 IF(HKMFT-3.D2)21421,25
21 L=HKMFT/6.D0+¢1.0000001
22 A= (HKMFT-HTKFT(L) ) /(HTKFT(L+1)-HTKFT(L))
24 RHO=RHOE(L ) *(RHOE{L+1)/RHOE(L))**A
RETURN
25 IF{HKMFT-6.D2)26,27+16
26 L=51.000001+(HKMFT-3.D2)/3.D1
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240
16

130

GC TC 22

REC=RHCE(61)

RETURN

WRITE(6,130)

FCRMAT (/5X,* #%x%%%x EARTE IMPACT *#%%x1)
RETURN

ENC

TABLE B-VII
SUBROUTINE XYTOR

OO0

SUBROUTINE XYTOR(X,Y,Z,XDOT,YDOT,ZDOT,R+A,E,RDOT,ADOT,EDOT)

SUBROUTINE TC CONVERT FROM XYZ COORDINATES TO RADAR POLAR
COORDINATES

REAL*8 X,Y,Z,XDUT,YDOT,ZD0T,R,A,E,RDOT,ADCT,EDOT
IMPLICIT REAL*8(A-H,0-2)
R=DSQRT(X*#%24Y*x%247%%2)

E=CARSIN(Z/R)

A=DATANZ( Xy Y)
RDOT=(X*XDCT+Y*YDUT+Z%ZDOT) /R
ADCT=(Y*XDCT-X*YDUT)/(X**2+Y%*%2)
LENOM=DABS (R*%2-/%%/)
EDLT=(R*ZDCT-Z*KDOT)/ (DSCRT(DENOM) #R)
RETURN

END

TABLE B-VIII
SUBROUTINE RTOXY

SO0

<

SUBROUTINE RTOUXY(RyA,E,RDOT,ADOT,EDOTyX,yY,4ZyXDOT,YDOT,Z00T)

SUBROUTINE TC CCNVERT FRCOM RADAR COORDINATES TO XYZ COCRDINATES

REAL*8 KoA,E,R0OT,AUCGT,ECOT4+X,YZ,XD0OT,YDOT,ZD0T
IMPLICIT REAL*8B(A-H,0-Z2)
SAZ=DSIN(A)

SEL=0OSIN(E)

CAZ=DCLS(A)

CEL=DCCS (&)

X=R¥CEL*SAZ

Y=R*LEL*CAZ

Z=Rr*SEL

RPR=RLUT/R
XOCT=KRPREX-ELUT*Z*SAZ+ADCT*Y
YOCT=RPR*¥Y-cLCT*Z%CAZ-ADCT*X
IDCT=RPR¥/+ECOT*R*CELL

RETURN

ENC
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TABLE B-IX
SUBROUTINE XCOVTR

SUBROUTINE XCOVTR(XCOV,XVCTR,RCOV,NCODE)
REAL*8 XCOV,XVCTR,RCOV
IMPLICIT REAL#*B(A-H,0-2)
DIMENSION XVCTRI(T)
CIMENSION XCOV(7,7),RCOVIT7,7),RVCTR(T)
DIMENSION CONVT(7,7),DUML(7,T7)
DIMENSION CONVI(7,7)
=XVCTR(1)
Y =XVCTR(2)
Z =XVCTR(3)
XP=XVCTR(4)
YP=XVCTRI(5)
ZP=XVCTR(6)
RVCTR(7)=XVCTR(7)
CALL XYTOR(X,3YsZsXPyYP4ZPyRVCTR(1)4RVCTR(2),RVCTR(3),RVCTR(4),RVCT
1R(5),RVCTR(6))
RVSQ=RVCTR(1)*%2
RSC=X*¥24+Y%*%2
RXY=DSQRT(RSQ)
D0 1 J=1,7
DO 1 K=1,7
RCOVI(J,K)=0.
1 CONV(J,K)=0.
CONV(1l,1)=X/RVCTRI(1)
CONV(1,2)=Y/RVCTR(1)
CONV(2,1)=Y/RSQ
CONV(2,2)==-X/RSQ
CONV(1,3)=Z/RVCTRI(1)
CONV(3,1)=-X*Z/(RXY*RVSQ)
CONV(3,2)=-Y*Z/(RXY*RVS5Q)
CONV(3,3)= RXY/RVSQ
CONV(4,1)=(RVCTR(1)*XP-RVCTR(4)*X)/RVSQ
CONV(44,2)=(RVCTR(1)*YP-RVCTR(4)*Y)/RVSQ
CONV(4433)=(RVCTR(1)*ZP-RVCTR(4)*Z)/RVSQ
CONV(S5,1)==(2.00*X*RVCTR(5)+YP)/RSQ
CONV(5,2)=(XP-2.00%Y*RVCTR(5))/RSQ
CONV(6,1)==X*RVCTR(6)/RSQ-2.00%¥RVCTR(4)*CONV{3,1)/RVCTR(1)-2%XP/ (R
LVSQ#*RXY)
CONV(6,2)=-Y*RVCTR(6)/RSQ-2.00%RVCTR( 4)*CONV(3,2)/RVCTR(L)-Z*YP/ (R
1VSQ*RXY)
CONV{64+3)==2%RVCTR(6)/RVSQ-RVCTR(4)*CONV(3,3)/RVCTR(1)
CONVIT,T)=1.
DO 2 J=4,6
DO 2 K=4,6
2 CONVI(J,K)=CONV(J-3,K-3)
IF(NCOUE)100,20,20
20 CONTINUE
DO 3 J=1,7
CO 3 K=1,7
3 CONVT(JeK)I=CCNVI(K,J)
CALL DMTMUL(XCGV,CONVT,,DUML,7,7,7)
CALL DMTMUL (CUNV,DUML,RCQV,y T47,7)
RETURN
100 CONTINUE
D0 101 J=1,7
DO 101 K=1,7
101 RCOV(J,K)=CONV(J,K)
RETURN
END
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TABLE B-X
ROUTINE RCOVTX

200

300

301

302

SUBROUTINE RCOVTX(COVRyXSTATE,COVX)

REAL*8 COVR,ESTATE,XSTATE,COVX

IMPLICIT REAL*8(A-H,0-2)

DIMENSION COVR(T,47)sCOVX{T,T)oESTATE(T) DXDR(T,7) DUMMY(T7,7)
CIMENSION XSTATE(7)

CALL XYTOR(XSTATE(L1)sXSTATE(2)¢XSTATE(3) 4 XSTATE(4) 4 XSTATE(S5) ¢ XSTAT
LE(G6) yESTATE(L) JESTATE(2)ESTATE(3) yESTATE(4),ESTATE(S) ,ESTATE(6))
ESTATE(T)=XSTATE(T)

DO 200 J=1,7

DO 200 K=1,7

CXDR{J4K)=0.

SAZ=DSIN(ESTATE(2))

CAZ=DCOS(ESTATE(2))

SEL=DSIN(ESTATE(3))

CEL=DCOS(ESTATE(3))

CONVERT COVARIANCE MATRIX TO XYZ COORDINATES

DXDR{141)=CEL*SAZ

DXCR{142)=ESTATE(1)*CEL*CAZ

OXOR({1,3)=-ESTATE(L)*SEL*SAZ

CXDR{(241)=CEL*CAZ

DXDR(242)=-ESTATE(1)*CEL*SAZ

CXDR(2,3)=~-ESTATE(1)*SEL*CAZ

CXDR{3,1)=SEL

OXDR(3,2)=0.

DXOR(3+3)=ESTATE(1)*CEL
CXCR{4,1)=ESTATE(S)*CEL*CAZ-ESTATE(6)*SEL*SAZ
CXDR{442)=ESTATE(4)*CEL*CAZ-ESTATE(O6)*ESTATE(L)*SEL*CAZ-ESTATE(S)*
LESTATE(1)*CEL*SAL
DXDR{443)=—ESTATE(4)*SEL*SAZ-ESTATE(G6)*ESTATE(1)*CEL*SAZ-ESTATE(S)
L*ESTATE(1)*SEL*CAZ

CXOR{(541)=—ESTATE(6)*SEL*CAZ-ESTATE(S5)*CEL*SALZ
DXOR{(542)=-ESTATE(4)*CEL*SAZ+ESTATE(6)*ESTATE(L)*SEL*SAZ-ESTATE(S)
L*ESTATE(1)*CEL*CAL
DXOR(543)=-ESTATE(4)*SEL*CAZ-ESTATE(O6)*ESTATE(1)*CEL*CAZ+ESTATE(S)
L*ESTATE(L)*SEL*SAL

CXCR(6,1)=ESTATE(6)*CEL

CXBCR{642)=0.

CXDR{(643)=ESTATE(4)*CEL-ESTATE(G6)*ESTATE(1)*SEL

CO 300 J=4+6

CO 300 K=4,6

CXCR{JyK)=CXOR(J~3,K=-3)

CXCR(T,7)=1.

€0 301 J=1,7

CO 301 K=1,7

CUMMY(J4K}=0.

CO 301 L=1,7

CUMMY (J,K)=0UMMY (J,K)}+COVR(JyL}*OXOR(K,L)

0O 302 J=1,7

CO 302 K=1,7

COVX{JyK})=0.

CO 302 L=1,7

COVX(JyKI=COVX(JyK)+DXDR(JsL)*DUMMY (L ,K)

RETURN

END
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TABLE B-XI
SUBROUTINE GAUSSN

SUBRCUTINE GAUSSN{NS,RN,SIGMA)
REAL*B RN,SIGMA
CIMENSICN RN(1)

CC 9 J=1,NS

V=RAN(X)

Y==ALUGI(V)

V=RAN(X)

Z=-ALUG(V)
IF{{Y=1a)%%2-2,%7)64643
S=RAN(X)

[F{5S-.5)746,8
RN{(J)=Y*SIGMA

GC TC 9

RN{J)=-Y*SIGMA

CCNTINUE

RETURN

END

TABLE B-XII
SUBROUTINE DMTMUL

SUBRCUTINE DMTMUL(A,B,AB,NRA,NCA,NCB)
CCLBLE PRECISICN A,B,AB

CIMENSICN AL7,7),8(7,7),AB(7,7)

CC 1 J=1,ARA

CC 1 K=1,NCE

AB(J,K)=0.

CC 1 L=1,NCA
AB(JsK)=AB(JyKI+A(J,L)%*B(L,K)

RETURN

ENC
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TABLE B-XIII
SUBROUTINE MINV

COOOOOOOOOO0O0O00OOOO0O0O0O00OOO0O0O0

OO0 00

OO0 O0O0O0

© 0 000 0000000005900 70050004000 000022000600084000080000¢000caRcsvsacas

SUBRCUTINE MINV

PURPQOSE
INVERT A MATRIX

USAGE
CALL MINV({AZJNyOyLsM)

CESCRIPTICN OF PARAMETERS
A - INPUT MATRIX, OESTROYEO IN COMPUTATION AND REPLACEO 8Y
RESULTANT INVERSE.

- CROER CF MATRIX A

RESULTANT DETERMINANT

— WORK VECTOR OF LENGTH N

- WORK VECTCR OF LENGTH N

zTro=z
I

REMARKS
MATRIX A MUST BE A GENERAL MATRIX

SUBRCUTINES ANO FUNCTION SUBPROGRAMS REQUIREO
NONE

METHCC
THE STANDARO GAUSS—JOROAN METHOO IS USEO. THE OETERMINANT
IS ALSC CALCULATEO. A OETERMINANT OF ZERO INOICATES THAT
THE MATRIX IS SINGULAR.

SUBRCUTINE MINV(A,N,O
M

LsM)
CIMENSICN A(1),L( 1)

]
(

IF A CCUBLE PRECISICN VERSIUN OF THIS ROUTINE IS DESIREO, THE
C IN CCLUMN 1 SHGULD BE REMOVED FROVM THE DOUBLE PRECISICN
STATEMENT WHICH FOLLOUWS.

CCOUBLE PRECISICN A,C,BIGA,HOLO
THE C MUST ALSC BE REMOVED FROM DOUBLE PRECISION STATEMENTS
APPEARING IN CTHER ROUTINES USED IN CONJUNCTION WITH THIS
RCUTINE.

THE DCUBLE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO
CCNTAIN DCUBLE PRECISION FORTRAN FUNCTICNS. ABS IN STATEMENT

10 MUST BE CHANGEC TO 0ABS.
SEARCE FCR LARGEST ELEMENT

C=1.0

NK==N

CC 80 Kk=1,N

NK=NKLN

L(K)=K

FIK)=K

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MI NV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

001
002
003
004
005
006
007
008
009
ol0
0ll
012
ol13
0l4
015
016
o17
o018
ol9
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
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TABLE B-XIII {Continued)

[aNaNel

aNaNeal

aEaNalgl

aNaNal

1C
15

20

25

30

35

38

40

45
46

48

50

55

60
62

65

KK=NKEK
BEIGA=A(KK)
CC 20 J=KyN\
[Z=N2(J-1)
CC 20 I=K,N
1J=12¢1
IF(CABS(BIGA)-CABS(A(TJ))) 15,20,20
BIGA=A(1J)
L{K)=1
MIK)=J
CCATINUE

INTERCHANGE RCWS

J=L(K)

IF(J-K) 35,35,25
KI=K-N

CC 30 I=1,A
KI=KI&N
FCLC==A(KI)
JI=KI-=-K&J
ACKE)=A0JT)
ACJI) =hCLC

INTELRCHANGE CCLUMNS

I=M(K)

IF{I-K) 45,45,38
JP=Nx(]-1)

CC 40 J=1sN
JK=NK&J

JI=JPLJ
FCLC=-A(JK)
AlLJK)=A(J])
A(JI) =HCLC

CIVICE COLUMN BY MINUS PIVUOT (VALUE CF PIVOT ELEMENT IS
CCNTAINEC IN BIGA)

IF(BIGA) 48446,48
C=0.0

RETURN

CC S5 I=1yN

IF{I-K) 50,55,50
[K=NK& 1
AUIK)=ALIK)/(-BIGA)
CCANTINUE

RECUCE MATRIX

CC €5 [=1,N

IK=NK&]

[J=1-N

EC 65 J=1,N

[J=1JeN

IFUI-K) €0,65,60
IF(J-K) 62,65,62
KJ=1J-1bk
AlTJ)=AalIK)I*A(KIIGLA(TY)
CCATINUE

MINV
MINV
MINV
MI NV
MINV
MINV
MI NV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MI NV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
08%
086
087
088
089
090
091
092
093
094
09%
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

79




TABLE B-XIII (Continued)

a0

el eNel [aNalw]

[N el

70
75

80

100
105

108

110
120

125

130

150

CIVIDE RCW BY PIVOT

KJ=K~-N

CC 75 J=1,4N
KJ=KJ&N

IF(J-K) 70,75,70
A(KJ)=A(KJ)/BICGA
CCNTINUE

PROCUCT OF PIVOTS
C=C*BIGA
REPLACE PIVCT BY RECIPROCAL

A{KK)=1.0/BIGA
CCNTINUE

FINAL RCW AND CCLUMN INTERCHANGE

={K~-1)
F{K) 150,150,105

IF{I-K) 120,120,108
JC=N%(K-1)
JR=N*(I-1)
CC 110 J=1,N
JK=J0&J
HCLC=A(JK)
JI=JREJ
A{JK)==A(J])
A({JI) =HCLC
J=FM(K)
IF{J-K) 100,100,125
KI=K-N

CC 130 I=1,N
KI=KIEN
HCLLC=A(KI)
JI=KI-K&J
A(KI)==A(JI)
A({JI) =HCLC
GC TO 100
RETURN

ENC

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
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